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Varietal Experiments and First Generation 
Crosses in Corn 


Corn is the most important cultivated crop from the standpoint 
of both acreage and value grown in West Virginia. Approximately 
one-fourth of the total area under cultivation in this state is used 
for the production of this crop. During the last five years there have 
been planted annually within the state, approximately 600,000 acres 
of corn with an average yield of about 34 bushels per acre. The 
estimates of the United States Department of Agriculture and the 
Fourteenth Census of the United States show that the acreage of 
corn has been reduced somewhat during the last fifteen years. In 


1909 there were 676,311 acres of corn harvested as compared with 
568,219 acres in 1919, 


The value of the corn crop in West Virginia is far greater than 
the value of any other field crop grown within the state. The value 
of corn compared with the values of four other crops is shown in 
Table I. 


TABLE I.—The Monetary Value of Corn, Oats, Wheat, Cultivated 
Grasses for Hay, and Tobacco Grown in West Virginia 
in 1909 and 1919.* 


Crop Value 
1909 9:19 
OSG ToT ec Ne ee shez rca cates eeseskea fase $11,907,261|$29,768,131 
(Sime TABS Peep eo ete So eee reer eee 7,318,162) 18,334,421 
IVINS at temic ree eee See See Ae RN ere oe eS 2,697,141] 8,395,097 
OBESE ee et See Se ee ei eRe etre cee ener 912,388] 3,054,668 
TBE BVA QOD es ce are wa ey me em Ie nc ea eer 1,923,180] 2,731,338 


*From the Fourteenth Census of the United States. 


The cultivated grasses listed in Table I consist largely of tim- 
othy and red clover grown alone and in mixtures. In 1909 the value 
of the corn crop was slightly more than one third, and in 1919 some- 
what less than one third, the total value of all field and horticultural 
crops grown within the state during the two years respectively. 
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Most of the corn produced in West Virginia is grown in the 
western half of the state, particularly along the Ohio River. The 
section known as the Eastern Panhandle and the south eastern sec- 
tion of the state also produce considerable corn. The ten leading 
counties in the production of this crop are, in the order named: 
Jefferson, Wayne, Jackson, Berkeley, Mason, Marshall, Greenbrier, 
Lincoln, Braxton, and Roane. 


OBJECTS OF EXPERIMENTS 


One of the requirements for successful corn production is the 
selection of a variety best adapted to the particular conditions of 
soil and climate in which the crop is to be grown. With the aim of 
aiding the farmer in determining what varieties best meet his needs, 
the Department of Agronomy of the West Virginia Agricultural 
Experiment Station, in 1921 and 1922, started rather extensive varie- 
tal tests. Most of these tests have been carried on cooperatively in 
various sections of the state.* In addition to the cooperative experi- 
ments, varietal trials have been carried out on the Agronomy Farm 
and at the Maggie Substation. 


In the cooperative experiments and in the experiments at the 
Maggie Substation, the main object was to compare the different 
varieties on the basis of yield of shelled corn per acre, whereas the 
varieties grown on the Agronomy Farm were compared from the 
standpoint of both yield of shelled corn and yield of forage (silage) 
per acre. 

Another object of the varietal experiments was to compare the 
value of home grown seed with seed from some other source. Among 
the varieties grown on the Agronomy Farm were two commonly used 
as silage corn, which afforded an opportunity to make comparison 
between locally grown grain varieties and introduced silage varieties. 
In this experiment a variety of sunflowers also was grown for the 
purpose of making comparisons on the basis of yield of forage. 


*The authors desire to acknowledge their jndebtedness to the followin F 
helped make the cooperative tests possible: D. R. Dodd, Extension gen hetnl Ge ian 
R. M. Musser, County Agent, Greenbrier County; J. EB. Romine, County Agent Randolph 
County; C. G. Degen, County Agent, Berkeley County; W. H. Roberts County Agent 
Mercer County; E. G. Hibbs, County Agent, Brooke County; L. F. Sutton Superintendent 
Reymann Memorial Farms; J. B. Sydenstricker; C. F. Hammond; A. H. Stuckey ; Nee 
es i o. B. Humphreys; O. H. Bowling; P. E. Wheeler; W. H. Sill; Will Finley ; ‘and 

. J. Belcher. ? 
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In addition to the varieties, certain first generation crosses be- 
tween varieties were included in the experiments in order to deter- 
mine their relative value compared with that of the parents, par- 
ticularly from the standpoint of yield and number of days required 
to mature. At the higher altitudes in West Virginia, the number of 
days required for maturity is a limiting factor in the production of 
corn. It was thought that first generation crosses between an early 
maturing flint corn and somewhat later maturing dent varieties might 
prove of value under these conditions. 


METHODS USED IN EXPERIMENTS 


Owing to the limited area of land available on the Agronomy 
Farm the experiments here were carried out on smaller plots than 
at the other places. Each variety was grown in three systematically 
distributed plots, each one of which consisted of four rows approxi- 
mately 136 feet long and 3 feet and 6 inches apart. One-half of each 
plot (divided transversely) was planted in hills 3 feet and 6 inches 
apart, and the other half was planted in drilled rows with the plants 
15 inches apart in the rows. An excess of seed was planted and 
when the corn was about six inches high it was thinned to two stalks 
per hill and to a single stalk in the drilled rows. 


Notes were taken on average height of plant and days to matur- 
ity, and previous to harvesting a note was taken on the stand. No 
attempt was made to correct yield because of missing stalks or hills, 
but if a plot showed a relatively high percentage of missing plants 
it was eliminated or if the missing plants occurred mostly in a 
certain part of the plot that part only was eliminated. In general, 
the stand of corn obtained by the method outlined above was uni- 
form and there were relatively few missing plants in the test plots. 


The yield of each variety was based on the two inner rows 
(end plants were discarded) of each plot except where otherwise 
noted. The yield of forage was determined from the drilled rows 
and the yield of shelled corn from the rows planted by the hill 
method. A variety was considered sufficiently matured for the silo 
when the ears reached the “glazed stage’ and at this time the two 
inner drilled rows of each plot were cut, weighed, and a sample 
taken for the determination of yield on an air-dry basis. A portion 
of the sample which previously had been run through a feed cutter 
was firmly tamped into two-quart Mason jars and later analyzed. 
Samples preserved in this way produced very satisfactory silage. 
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The yield of shelled corn per acre was based on that part of the 
plot planted by the hill method. When the two central rows of each 
plot were mature they were cut and shocked and later in the fall 
(late October or November) the corn was husked, weighed and a 
sample taken for the determination of percentage of moisture and 
the relative amount of shelled corn. In 1921 and 1922 yield was 
computed on the basis of air-dry shelled corn per acre and in 1923 
and 1924 on the basis of shelled corn containing 14 per cent moisture. 

The cooperative varietal experiments and the experiments at 
Maggie were carried on in a manner similar to that used on the 
Agronomy Farm except with regard to size of plots and number of 
replications. In general each plot consisted of four rows approxi- 
mately 136 feet long and 3 feet and 6 inches apart. The corn was 
planted in hills 3 feet and 6 inches each way and thinned to two 
stalks per hill. Each variety was grown in four systematically dis- 
tributed plots and the yield was determined on the basis of bushels 
of shelled corn per acre. A representative of the Agronomy Depart- 
ment was on hand to help plant the cooperative tests and again later 
to help husk, weigh, and sample the corn. The percentage of 
moisture and relative amount of shelled corn were determined at 
Morgantown. In case the above plan was not followed, a note 


explaining the particular procedure followed was made. 
SOURCE OF SEED 


The seed used in the varietal trials reported here was obtained 
from various places. In some cases the seed was obtained from the 
same original source each year and in other cases the seed had 
been produced on or near the Agronomy Farm since its original 
introduction. In the cooperative tests seed of the local varieties was 
obtained in the vicinity of the test and in most cases from the same 
source each year. In Table II. are listed the varieties (except the 
local varieties in the cooperative tests) together with the source 
of the seed used each year in the several varietal trials. 
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TABLE II.—Varieties and the Source of Seed Used in the Corn 
Varietal Experiments. 


Varieties 


Boone County 
White 


Blue Ridge 


Clarage 


Cocke’s Prolific 


Golden Glow 


Johnson County 
White 


Leaming 


Longfellow 


Knight’s White 


Silver King 


Woodburn White 
Dent 

U. S. Selection 
No. 77 


Reid’s Yellow 
Dent 


Minnesota No. 13 


Mammoth Rus- 


sian Sunflowers) 


Source of Seed for Each Year 


1921 


1922 


Funk Bros. Seed Co. 
Bloomington, Il. 


W. H. Turner & Son 
Afton, Virginia 


F. E. Eichelberger 
Washington Court 
House, O. 


T. W. Wood & Sons 
Richmond, Va. 


Jippa Wielinga 
Midway, Wis. 


Geo. S. Strosnider 
Waynesburg, Pa. 


R. Keeler 
Bridgewater, Conn. 


L. N. Knight 
Maggie, W. Va. 


Funk Bros. Seed Co. 
Bloomington, Ill. 


T. W. Wood & Sons 
Richmond, Va. 


Same as 1921 


Same as 1921 


Agronomy 
Farm 


John Lewis 
Buckhannon, 
W. Va. 


Agronomy 
Farm 


C. E. Troyer 
La Fontaine, 
Ind. 


Same as 1921 


Agronomy 
Farm 


Same as 1921 


Va. Exp. Sta. 
Blacksburg, 
Va. 


J. M. Brown 
Piketon, O. 


Same as 1921 


Univ. Farm 
St. Paul, Minn. 


Agronomy 
Farm 


1923 1924 
Agronomy |Same as 
Farm 1923 
Same as Same as 
1921 1921 
Same as Same as 
1922 1922 


T. W. Wood|Same as 


& Sons 
Richmond, 
Va. 


Same as 
1922 


Agronomy 
Farm 


Same as 
1921 


R. Keeler 
Bridge- 
water, Conn. 


Same as 
1921 


Same as 
1922 


Same as 
1922 


Agronomy 
Farm 


Same as 
1922 


Same as 
1922 


1923 


Same as 
1922 


Same as 
1923 


Same as 
1921 


Agronomy 
Farm 


Agronomy 
Farm 


Same as 
1922 


Same as 
1922 


Same as 
1923 


Same as 
1922 


Same as 
1922 


no pedl See le Ee 
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The varieties Blue Ridge and Cocke’s Prolific were included in 
the tests to represent the silage type of corn. The other varieties 
listed in Table II are dent varieties with the exception of Longfellow 
which is a flint corn. The Mammoth Russian variety of sunflowers 
is also included in Table II. Knight’s White is a large-eared, 
white dent corn that has been grown in the neighborhood of Maggie, 
West Virginia for a number of years. In that locality it is frequently 
used as a silage corn. Woodburn White Dent or U. S. Selection 
No. 77 is a relatively new variety of corn developed by the United 
States Department of Agriculture. 


The crossed seed for the first generation crosses was produced 
on an isolated plot on the Agronomy Farm. The several dent varie- 
ties were grown in alternate rows with Longfellow Flint; the former 
being detasseled. In this way the dent varieties were prevented 
from forming pollen and the ears produced by them were the result 
of cross-pollination with Longfellow Flint. 


EXPERIMENTS AT MORGANTOWN 


In Table III are listed the varieties of corn, first generation 
crosses, and Mammoth Russian sunflowers included in the varietal 
experiments on the Agronomy Farm. In this Table the average num- 
ber of days to maturity, average height, and average yield in bushels 
of shelled corn per acre are shown. 


An examination of the second column of Table III shows that 
Woodburn White Dent, Knight’s White, Cocke’s Prolific, Johnson 
County White, Boone County White, and Blue Ridge are relatively 
late maturing varieties. Longfellow, the only flint corn in the test, 
is by far the earliest maturing variety. The other varieties of corn 
and first generation crosses range in average number of days to 


mature from 147 to 151 days. Sunflowers mature somewhat later 
than Longfellow flint corn. 


It is interesting to compare the first generation crosses with the 
dent parents. Keid’s Yellow Dent crossed with Longfellow flint 
matured on the average 4 days earlier; Boone County White with 
Longfellow 7 days earlier; Blue Ridge with Longfellow 7 days 
earlier; and Cocke’s Prolific with Longfellow 11 days earlier than 
their respective dent parents. 
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TABLE III.—Yield in Bushels of Shelled Corn Together With 


Height, and Days to Mature, of Corn Varieties Grown 
on the Agronomy Farm. 


l | 
o ~ 
os ‘Oo : : oy [2 
25 Ir Yield Per Acre in [SN wlS ao 
Varieties ra) ow o a Bushels oA 2 ot 2 
OHO BDH Da G| Oo G 
| @ NG GN CON 5S/ON S 
s&s |gaq|——________/S alga 
QP 'g S2! 1921| 1922| 1923| 1924 G9 5/22 
ica nihimee eee Ae ne 150 Soom) ocd eles Po Orom Ade Ome Aum o cn 
Rend se ellows Dent. | 151 | 9.1 | 45.8 | 83.0 | 46.1 | 36.4 | 52.8 | 55.2 
Woodburn White Dent........ 160 eg) | 79.1 | 46.3 | 38.0* 54.5 
Boone County White........... aoG NDA 45-4 | 88:41 49.8") 26.0 | Bid 53 2 
VEU ECO EC ee enn te 166 | 10.0 | 39.9 | 78.3 | 47.4 | 81.5 | 49.3 | 52:4 
CURR a ee ae Ne || LOOP S64 CON e228. 4037.60) 4958 10.5 
Johnson County White........ 158 9.3 73.4 | 46.4 | 29.3 49.7 
Reid’s Yellow Dent x Long-| | | 
HS) Kee ee ieee eons eae ee ee | 149 | 8&6 63.0 | 44.2 | 33.9 47.0 
Boone Co. White x Long- | | | 
CM Os Yuen ee oe re Ree 147 8.5 | | 64.1 | 46.9 | 35.2 48.7 
Rodents White ...., | 160 | 9.1 | 47.2 | 27.1 | 48.0 | 23.1*| 46.9 | 46.7 
Blue Ridge x Longfellow....| 149 8.7 HSsol | toon lout 45.2 
Cocke’s Prolific x Long-| | | 
POU LO Wee ees eres ee ee 49 922 Sel |) Sik | AOR 40.7 
Cocke se Prolifie: <2 22. | 160 | 9.5 | 35.2 | 66.3 | 32.3 | 20.0 | 38.5 | 39.5 
TOTS ENO Wis eee te oe ae et ON mec O ied: ancl Gray (ae, tlgpeeeal) Asses} || litfetl 
Sunflowers (Mammoth Rus-| | | 
SVEN) Beer teehee steers Ste as | 136 | 7.3 |118.8 | 75.0 | 56.4 | 58.0 | 78.3 | 66.5 


*Yield in 1924 based on the average of two plots only. 


With regard to average height most of the varieties range from 
&.5 feet to 9.5 feet. The average height of the tallest variety, Blue 
Ridge, was 10 feet and that of the shortest variety, Longfellow, was 
7 feet. The first generation crosses were on the average somewhat 
shorter than their respective dent parents. 

In the last column of Table III the average yields in bushels 
of shelled corn per acre of the several varieties grown during the 
three years 1922 to 1924 inclusive are tabulated. Some of the varie- 
ties were grown also in 1921. The average yields of these varieties 
for four years are listed in next to the last column of the table. 

In interpreting yield data such as are presented in Table III 
it is necessary to take into consideration not only the averages but 
also the variability of the yields throughout the entire period of the 
experiment. For example, considering the two varieties which rank 
first and second in yield from the standpoint of both three-year and 
four-year averages, it is evident that in 1921 the yields of the two 
varieties were practically identical, in 1922 Reid’s Yellow Dent ex- 
ceeded Leaming by 11.7 bushels and in 1923 and 1924 Leaming 
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exceeded Reid’s Yellow Dent by 13.7, and 5.5 bushels during the 
two years respectively. It is possible to apply a mathematical method 
of analysis to data such as these and determine the significance of 
the difference between the average yields. ‘The method is briefly 
discussed at the end of this bulletin in the appendix. It suffices here 
to state that when the data on yield of these two varieties are so 
analyzed, the difference between their average yields is found to be 
not significant. In other words, should the above experiment be 
repeated under similar circumstances it would occasion no surprise 
if in this second experiment the average yield of Reid’s Yellow Dent 
exceeded that of Leaming. It is reasonable to expect that the more 
consistent the difference in yield between varieties throughout a 
period of years and the greater the difference between their average 
yields, the more significant the difference becomes. With the fore- 
going considerations in mind it is obvious that one may state with 
a greater degree of certainty, that under the given conditions the 
three or four highest yielding varieties are superior in yielding 
capacity to the three or four next highest yielding varieties, than 
that Leaming possesses greater yielding capacity than Reid’s Yellow 
Dent. The yield data of Table III as well as those contained in 
subsequent tables are interpreted from this viewpoint. 

The four varieties grown on the Agronomy Farm which pro- 
duced the highest average yield of shelled corn per acre are Leaming, 
Reid’s Yellow Dent, Woodburn White Dent, and Boone County 
White. Knight’s White produced a relatively low average yield 
primarily because of the unfavorable growing conditions, particularly 
for late maturing varieties, in 1924. Of the late maturing varieties 
the yielding ability of Woodburn White Dent seems to have been 
affected least by the adverse conditions of 1924. Longfellow flint 
corn has been a low yielder consistently throughout the duration of 
the experiment. Mammoth Russian sunflowers yielded an average 
of 78.3 bushels (20 pounds per bushel) for the four-year period. 

The average yields of the first generation crosses are consider- 
ably higher than the average yield of the Longfellow parent but 
somewhat lower (with one exception) than their respective dent 
parents. The average yield (as given in the last column of Table IIT) 
of Reid’s Yellow Dent crossed with Longfellow is 6.5 bushels; of 
Boone County White with Longfellow 6.1 bushels; and of Blue 
Ridge with Longfellow, 7.2 bushels less than that of their respective 
dent parents. The average yield of Cocke’s Prolific and Cocke’s 
Prolific crossed with Longfellow are not very different. In general 


March, 1926) VARIETAL EXPERIMENTS WITH CORN 11 


the first generation crosses tended to yield less but matured some- 
what earlier than their respective dent parents. 

In order to make further comparisons between the first genera- 
tion crosses and their parents, certain measurements were made on 
random samples of ears taken from the crop grown in 1922. The 
characters considered were length of ear, circumference of ear at 
about one-third of the distance from the base to the tip and the 
number of rows of kernels per ear. The data are presented in 
Table IV. 


TABLE IV.—The Average Length, Average Circumference, and 
Average Number of Rows of Kernels of Ears of Corn 
Taken at Random From Certain First Generation 
Crosses and Their Parents Grown in 1922. 


| Number Average Average Number 

Varieties of Ears | Length in Circumfer-| of Rows 

| Consid- Inches Noe Hl of Kernels 

ered Inches 

Boones County, White: 22-2... 107 8.86+0.10 | 7.18+0.04 | 16.86+0.16 
Boone Co. eres x Longfellow.. | ibalil 9.42+0.11 | 5.98+0.03 | 11.77+0.11 
em Se ye a ee | 122 8.29+0.08 | 7.05+0.03 | 12.28+0.10 
Blue Ridge x Longfellow.............- | 115 9.04-+0.09 | 5.95+0.03 | 10.40+0.10 
WOCKGISE POMC r cteco ve-vs ses sc aece ne. | 1538 8.45+0.07 | 5.89-+0.02 | 11.06-+0.09 
Cocke’s Prolific x Longfellow... a 134 9.56+0.11 | 5.37+0.02 9.81+0.09 
ReideseVellow Dent 2222... 104 8.75+0.08 | 6.70+0.03 | 17.29+0.14 
Reid’s Yellow Dent x Longfellow ial 9.63+0.10 | 5-75+0.03 | 11.86+0.12 
WOME REM OW. pees ee NA Sek Sis, 40 9.52+0.17 | 4.78+0.04 8.00+0.00 


An examination of the third column of Table IV shows that 
with regard to average length of ears the first generation crosses 
approached more closely to Longfellow, the flint parent, than to their 
respective dent parents. In no case is the difference between the 
average length of ears of a first generation cross and its flint parent 
significant. With regard to average circumference of ears (fourth 
column) the first generation crosses, with one exception, occupy a 
position midway between their respective parents. The average 
circumference of ears of Cocke’s Prolific crossed with Longfellow 
does not differ significantly from that of Cocke’s Prolific. In the 
average number of rows of kernels per ear (fifth column) also the 
first generation crosses occupy an intermediate position between 
their respective parents. 

The yield in tons per acre of green and air dry forage and the 
average number of days from planting until harvest for each variety 
and each first generation cross may be found in Table V. The 
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harvesting was done when the ears reached the “glazed stage,” the 
usual time of cutting for the silo. The sunflowers were cut at the 
hard dough stage. 

It may be seen from the second column of Table V that Cocke’s 
Prolific, Woodburn White Dent, Knight’s White, and Johnson Coun- 
ty White were latest in maturing and that Blue Ridge and Boone 
County White were next. It will be observed that these varieties 
also were the highest yielding sorts in the experiment. Longfel- 
low flint corn and Mammoth Russian sunflowers matured first. In 
general the first generation crosses were ready for the silo consider- 
ably earlier than the dent parents. Cocke’s Prolific crossed with 
Longfellow matured on the average 12 days; Boone County White 
with Longfellow 13 days; Reid’s Yellow Dent with Longfellow 7 
days; and Blue Ridge with Longfellow 13 days earlier than their re- 
spective dent parents. It is interesting to note that in general the 
difference is greater between the first generation crosses and the dent 
parents with regard to the growing period for silage than it is with 
regard to the growing period for grain. 
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In the last column of Table V the average yields in tons per 
acre of air dry forage of the several varieties for the years 1922 to 
1924, inclusive, are shown. Cocke’s Prolific, Woodburn White Dent, 
Knight’s White, and Boone County White rank first, second, third, 
and fourth, respectively, with regard to average yield. Anyone of 
these varieties may be expected to produce a satisfactory tonnage 
under conditions similar to those under which they were grown. 
Longfellow flint and Mammoth Russian Sunflowers rank last and 
next to last with respect to average yield. The first generation 
crosses yielded less than their dent parents but matured considerably 
earlier. In the third column from the right of the table the average 
yield in tons of air dry forage of the varieties which were grown for 
four years are listed. The relative rank of the varieties on the basis 
of a four-year-average yield is practically the same as on the basis 
of a three-year-average yield. 


In next to the last column the average yields in tons per acre 
of green forage are listed. In general, the yields on this basis cor- 
respond roughly to the yields on an air dry basis but there is one 
notable exception, namely, Mammoth Russian sunflowers. Although 
the sunflowers produced on the average the greatest tonnage of green 
material they rank near the bottom in tonnage of air dry forage. Of 
the several corn varieties Woodburn White Dent ranks first on the 
basis of average green weight but there are several varieties which 
do not differ significantly from it in this respect. 


In choosing a variety of corn which is to be grown for the silo 
it is important to consider not only gross tonnage from the stand- 
point of both green and air dry material but also to consider the 
feeding value per acre. This may best be done by suitable feeding 
experiments. However, in the absence of such expriments a chem- 
ical analysis of the silage may be fairly indicative of relative value. 


It has been mentioned above that a sample of the green forage 
of each of the fifteen varieties grown in this experiment was firmly 
tamped into two-quart Mason jars and later analyzed. When the 
samples preserved in this way were analyzed they could not be dis- 
tinguished from ordinary silage.* The percentage of protein, fat, 


*All analyses were made in duplicate by Mr. T. J. Cochran of the Agri - 
istry Department to whom the authors are greatly indebted. o AC ee 
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and carbohydrates based on the air dry silage were multiplied by 
the yields of air dry forage (Table V) to obtain the yields of the 
nutrients per acre. The results are presented in Table VI. 

In the first column of Table VI the varieties are listed accord- 
ing to rank with respect to their total average production of protein, 
fat, and nitrogen free extract, which is shown in the last column of 
the table. It will be noted that the rank of the varieties with respect 
to the average annual production of these three nutrients corresponds 
roughly with the rank of the varieties with respect to the average 
yield of air dry forage (Table V). In both tables Cooke’s Prolific, 
Woodburn White Dent, Knight’s White, Boone County White and 
Johnson County White occupy the first five places, although the 
order of the varieties is not the same in both tables. 

With respect to average production of protein in pounds per 
acre, as shown in the fifth column ort Table VI, Cocke’s Prolific, 
Woodburn White Dent, Johnson County White, and Leaming were 
the highest yielders. Sunflowers produced the highest yield of fat, 
as shown in the ninth column of this table. Johnson County White 
and Cocke’s Prolific each produced on the average 213.7 pounds of 
fat per acre, which was 31.6 pounds less than that produced by the 
sunflowers. The average yield in pounds of nitrogen free extract 
(sixth column from the right) corresponds closely to the total aver- 
age yield of the three most important nutrients (last column). 
Cocke’s Prolific produced a considerably higher average yield of 
fiber than any other variety (next to last column). The sunflowers 
produced relatively more fiber in proportion to the yield of air dry 
forage than was produced by any of the varieties of corn. 


CORN 
pnieey EPSP 


Corn Varieties Grown on the Agronomy Farm in 1923. 
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EXPERIMENTS AT THE MAGGIE SUBSTATION 


The Maggie Substation is located near the Ohio River in Mason 
County. The varietal experiments here, which were carried on for 
two years only, were located on first bottom land that is highly pro- 
ductive. The growing season is somewhat longer at Maggie than 
at Morgantown and for this reason relatively later maturing varie- 
ties may be grown. The varieties which were included in the test 
and their yields are shown in Table VII. 


TABLE VII.—yYield Per Acre in Bushels of Shelled Corn of Varie- 
ties Grown at the Maggie Substation.* 


Yield Per Acre in | Average 

Varieties; Bushels Yield in 

Bushels, 

1922: le et9232 1922-23 
Wooedburn® White Dent, 22.00.23: | 88.3 92.5 90.4 
POOMOmG@OUnIby AWITIEG «5 eee 80.7 79.4 80.1 
Golden@eBeauty  Clocaly 0-15 se 80.0 T2e6 76.3 
HUCICE Se ClLO ype OT een enn ee ee ol 76.8 15.0 76.3 
Jounsony County sWuIte) <2 esc Seen 76.4 73.9 75.2 
DECREE OTE se ne Sp ee RN Sip cee ee | 67.1 76.3 alert 
SS TEES SS ta OL Gc) ese eae | COS22 wis bees iin West 
LO ATTNIIE OMX ONE RC NLO yi seein poe eel = ELE 50 el en eee 


*All yields calculated on air dry basis. 
tYields based on the average of five plots. ; 
{Golden Beauty obtained from C. W. Brown; Success obtained from L. N. Knight. 


Woodburn White Dent or U. S. Selection No. 77 yielded in 1922 
7.6 bushels and in 1923 13.1 bushels more than Boone County White, 
the second highest yielding variety during the two years respec- 
tively. In view of the fact that the yields of the two varieties in 
each of the two years the experiment was carried on are based on 
the average of five plots and the further fact that a rather marked 
difference in yield was obtained, it seems reasonable to attach some 
s.ignificance to the results. 


It will be recalled that the seed of Woodburn White Dent was 
obtained from Mr. J. M. Brown, Piketon, Ohio (Table IT), where 
it was grown under conditions very similar to those which are found 
at Maggie. This fact undoubtedly accounts at least partially for the 
superiority in yield of this variety over some of those listed in 
Table VII, but it does not account for the difference in yield between 
Woodburn White Dent and Golden Beauty. Golden Beauty had 
been grown in the vicinity of the Maggie Substation for a number 
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of years and was considered a high yielding variety of corn. Although 
the data on yield of the several varieties in the test cover a two-year 
period only, they indicate that Woodburn White Dent possesses a 
yielding capacity, for the particular conditions, greater than any 
other variety in the experiment 


EXPERIMENTS IN BERKELEY COUNTY 


In Berkeley County there were two co-operative varietal experi- 
ments—one on the farm of Mr. C. F. Hammond and the other on 
the farm of Mr. A. H. Stuckey. Both of these experiments were 
carried on during 1922 to 1924 inclusive. 

In Table VIII. are listed the seven varieties of corn which were 
included in the test on the Hammond Farm. The varieties with the 
word “local” after them were obtained in the locality where the ex- 
periment was conducted. Seed of the other varieties was obtained 
from the sources already mentioned. 


TABLE VIII.—Yield Per Acre in Bushels of Shelled Corn of Va- 
rieties Grown on the Hammond Farm in Berkeley 


County. 

; ; Ae Average 

Varieties* Yield Per Acre in Bushets Yield in 

Bushels, 

| 922 1923 1924 1922.23.24 
Weani 1na lO Call) eee ee 66.1 58.5 46.5 57.0 
leaming Sse ee eee 61.7 53.0 45.6 | 53.4 
Boone County White —........... 65.4 53.8 39.7 | 53.0 
IRE) SVOMO NY IOXENT co inccrcesctoced 60.9 57.0 40.2 | 52.7 
Reid’s Yellow Dent (local)... 61.1 58.2 38.1 52.5 
Boone County White (local).. 62.1 53.0 41.1 | 52.1 
Johnson County White —....... 61.8 55.9 33.0 | 50.2 


*Leaming (local) obtained from C. F. Hammond; Reid’s Yellow Dent (locai) cbtained 
from H. L. Smith; Boone County White (local) obtained from T. H. ie ; 


In the last column of Table VIII the average yields in bushels 
of shelled corn per acre are shown. There is a difference between 
the average yields of the highest and lowest producing sorts of only 
6.8 bushels. The local strain of Leaming, which ranked the highest 
in the test, has been grown by Mr. Hammond for several years. It 
yielded on the average 3.6 bushels more than the other strain of 
Leaming. Moreover, the second, third, and fourth columns show 
that the difference in yield between these two strains is fairly con- 
sistent throughout the three years of the experiment. According 


March, 1926) VARIETAL EXPERIMENTS WITH CORN 19 


to Students’ Method (see appendix) of analyzing results such as 
these the chances are about 15 to 1 that the difference in yield be- 
tween the two strains of Leaming is truly significant. In other 
words the chances are 15 to 1 that the difference in yield obtained 
here is owing to a real difference in the inherent yielding capacity 
of the two varieties when grown under this particular environment 
and not owing solely to chance or accident. The average yields of 
the two strains of Reid’s Yellow Dent do not differ significantly. 
The relatively low average yield of Johnson County White is owing 
largely to the low yield produced by this variety in 1924 (fourth 
column.) The season of 1924 was rather adverse for late maturing 
varieties of corn such as Johnson County White. 

The experiment on the Stuckey farm included the same va- 
rieties that were grown on the Hammond farm with the addition of 
a fourth local variety, Blue Dent. The varieties and yields are 
shown in Table IX. 


TABLE IX.—Yield Per Acre in Bushels of Shelled Corn of Varie- 
ties Grown on the Stuckey Farm in Berkeley County. 


Yield Per Acre in Busheis ace 

Varieties* ie in 

Bushels, 

[ 1922 1923 1924 1922-23-24 
Areaimineme (1 Gal) ieee ren eee es | 40.2 38.6 22.4 33.7 
Boone County White -............ | 35.7 | Aol 18.7 33.0 
[LGM ee oa | 34.7 39.9 22.0 32.2 
meids Yellow Dent. -----.2<.--.- 29.5 44.1 20.2 31.3 
Boone County White (local).. 35.2 41.6 15.9 30.9 
Johnson County White ........ 34.2 44.3 Upsiarl 30.7 
HS lememity (LOCA Gece se =e se 37.1 By 21.4 30.4 
Reid’s Yellow Dent (local)...- 30.4 39.9 20.2 30.2 


*Leami local) obtained from C. F. Hammond; Reid’s Yellow Dent (local) obtained 
from i ae Boone County White (local) obtained from T. H. Wilson; Blue Dent 
obtained from A. H. Stuckey. 


The yields given in the last column of Table IX show an ex- 
treme difference of only 3.5 bushels between the variety (local Leam- 
ing), which produced the highest, and the one (local Reid’s Yellow 
Dent), which produced the lowest average yield of shelled corn per 
acre during the three years 1922 to 1924, inclusive. This difference 
is not significant. It is interesting to note that on the basis of aver- 
age yield the local strain of Leaming again ranks first. An examina- 
tion of the second, third, and fourth columns shows that the yields 
in any one year were quite variable and also that the relative yields 
of the varieties from year to year were not very consistent. 
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EXPERIMENTS IN HARDY COUNTY 


The varietal test in Hardy County was carried on for two years 
only. The work was done on the Reymann Memorial Farm near 
Wardensville and under the immediate direction of Mr. L. F. Sutton, 
superintendent of the farm. The varieties and yields are recorded 


in Table X. 


TABLE X.—Yield Per Acre in Bushels of Shelled Corn of Varie- 
ties Grown on the Reymann Memorial Farm in Hardy 


County. 

Yield Per Acre in Average 

Varieties* Bushels Yietd in 

Bushels, 

1922+ | 1923 1922-1923 
noua vskonn (Conunaniy? NAAN, ooo es etc erecta Boat 50.5 sail 
Jexovonares COxononmliny AVIONICS) ees Oeesag see eee 55.2 46.4 50.8 
Byer {Ovonealen MOY GeH erences tenner eee sere seen sass 53.4 40.5 47.0 
TRY SHOWS) NGENUMO Nr: AD ISNSNE Seer ee ere ee ener 49.1 3953 44.2 
(eRe 0 0 age ede ee ee en Se mere ere eaten meee 43.4 43.3 43.4 
Cocke's S Prolific. 22> ee eee 43.4 Sore Bont 
Boone County White x Longfellow............ 41.4 36.7 39.1 
Weannimien xa Wome fel LO wawacesees ceceane eee 34.7 33.8 34.3 
TOWNS LOL LOW! 25, Ses cehrece soe ees wens secmeeeeeeenee 10.4 1 hess 11.0 
Silvie rine. A: aioe een ee A ee 412 | 
Wiellonws Gap Rede (OCa)) cee renee eee 7M ra | aes ee 


+Yield of each plot based on one central row only. 

tYield of each variety based on a single plot only. 

*Brill corn (local) obtained from Brill Bros; Reid’s Yellow Dent ‘local) obtained 
rn se ymann Memorial Farm; Yellow Cap Red (local) obtained from Winchester Seed 
orporation. 


Owing to local conditions it was found necessary to modify the 
original plan of the experiment. In 1922 the yield of each variety 
was based on the average yield of four central rows from as many 
plots, one row from each plot. The year following the yield was 
based on two central rows of a single plot only. In view of these 
facts the results of this experiment are not very trustworthy. It is 
interesting to note, however, that the yields in 1922 (second column 
of Table X) and in 1923 (third column) are fairly consistent as to 
relative rank. 


EXPERIMENTS IN GREENBRIER COUNTY 


During 1922 two varietal experiments were carried on in Green- 
brier County, one on the farm of Mr. J. B. Sydenstricker and one 
on the farm of Mr. O. B. Humphreys. In 1923 and 1924 a varietal 
test was conducted on the Sydenstricker farm only. The varieties 
grown and the yields obtained are shown in Table XI. 
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TABLE XI.—Yield Per Acre in Bushels of Shelled Corn of Varie- 
ties Grown on the J. B. Sydenstricker Farm in 1922, 
1923, and 1924; and on the Humphrey Farm in 1922, 
Both in Greenbrier County. 


: : Average 
Verte Yield Per Acre in Bushels vine Yield 
Bushels, 1922t 

1922 19237 1924 1922-23-24 
HG calm Wellgo wees ener. Ve SRI |) GEES, 14.1 41.0 50.7 
LES EH ea ales ee ee oy ene ee eee 44.4 | 52.3 15.0 37.2 49.8 
HEC) Ccail ee WVU oc ee es | 514 | 48.0 LORS 36.6 48.4 
Reid’s Yellow Dent ............ 5257 43.0 6.5 34.1 44.8 
SSullivces re Sta or ee eee Opa 45 11.6 33.6 39.1 
Clarage x Longfellow ........ pe aa 45.5 15.0 Sore SIS74 
Leaming x Longfellow ...... 38.4 47.5 11.9 32.6 Sythe 
Glance ee. Seki e od. eee eS 6.9) 38.4 7.6 27.6 34.3 
Won bellow ic. =e oo. ec | (es 16.5 9.3 ile, 11.8 


jIn 1923 plots were 105 feet long. 

tYields obtained on the Humphrey farm. 

*Local Yellow obtained from C. W. Handley in 1922 and R. A. Anderson in 1923 and 
Serer ies White obtained from ©. W. Handley in 1922 and S. W. Anderson in 1923 
an 24. 


In next to the last column of Table XI the average yield in 
bushels of shelled corn per acre for the varieties grown on the Syden- 
stricker farm are shown. Local Yellow, Leaming, and Local White 
gave the highest average yields. According to Students’ Method 
the difference in yield between Local Yellow and Local White is 
probably significant but between Local Yellow and Leaming the 
difference in yield is not significant. The average yield of the first 
generation cross, Clarage crossed with Longfellow, is 5.6 bushels 
greater than Clarage, the dent parent, and 22 bushels greater than 
Longfellow, the flint parent. The chances are about 24 to | that the 
former difference is significant. Here is an instance of a first genera- 
tion cross that seems to possess greater yielding capacity than either 


of its parents. 


In the last column of the table the average yields of the varie- 
ties grown on the Humphrey Farm in 1922 are shown. The four 
varieties, Local Yellow, Leaming, Local White, and Reid’s Yellow 
Dent, which produced the highest average yields here, also produced 


the highest average yields on the Sydenstricker Farm during the 


same year (second column). 
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EXPERIMENTS IN MERCER COUNTY 

The environmental conditions for the production of corn in 
Mercer County are somewhat similar to those of Greenbrier County. 
In view of this fact the same varieties were tested in both counties. 
The results of the work in Mercer County are recorded in Table XII. 

The test was conducted on a different farm each year and for 
this reason the averages presented in fifth and sixth columns are not 
very trustworthy. The average yields in 1922 (second column) and in 
1924 (fourth column) are based on the total production of all four 
rows of each plot, instead of on the two central rows as in most of 
the varietal experiments. 


TABLE XII.—Yield Per Acre in Bushels of Shelled Corn of Varie- 
ties Grown on the County Farm in 1922, on the Bowl- 
ing Farm in 1923, and on the Belcher Farm in 1924, 
All in Mercer County. 


, F Average | Average 

SU arietice Yield Per Acre in Bushels| Vicigin | Yield in 

Bushels, | Bushels, 

1922; 1923 1924; 1922-1923 | 1922-23-24 
Shiite Thies 41.2 48.2 eS 220) 44.7 40.5 
VG SE anh aVed foe arte eae ca ner 36.4 ge ae eee ee AQ ACW alli eee 
Reid’s Yellow Dent ............ 38.6 ATO Sl hee Buy ee 
Clarage x Longfellow.......... 38.8 41.4 38.4 40.1 39.5 
UAGYORNL NANG: netenan eae eee 37.8 41.9 44.0 39.9 41.2 
Leaming x Longfellow........ 37.6 41.5 35.4 39.6 38.2 
Clarage tin i23 ee aes 34.2 SA Te eee 3405) | eee 
TOM STEN O Wit ese ces 26.6 21.0 27.7 23.8 25.1) 
Tso CalBeViellOw sss es | ee 399 ae eee ee 


*Local Yellow obtained from W. P. Winfrey; Local White obtained from L. J. Belcher. 
yYield of each plot based on all four rows instead of the two central rows only. 


An examination of Table XII shows that Silver King, an early 
maturing white dent corn, yielded consistently high on both the 
County Farm in 1922 and the farm of Mr. O. H. Bowling in 1923, 
but produced a relatively low yield the next year on the farm of Mr. 
L. J. Belcher. In the test at the last named place (fourth column), 
Local White, Local Yellow, and Clarage crossed with Longfellow 
were the three highest yielders. In general, the results of the varietal 
experiments in 1922 and 1923 agree with each other more closely 
than they do with the results of 1924. It will be recalled that the 
season of 1924 was not favorable to corn production . In this year 


the Reid’s Yellow Dent, Leaming, and Clarage did not mature and 
were not harvested. 
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In the fifth column may be found the average yield of the va- 
rieties grown in 1922 and 1923. Of the eight varieties grown dur- 
ing this time, six produced satisfactory average yields. The extreme 
difference between the average yields of these six varieties is 5.1 
bushels. According to Students’ Method the odds are about 10 to 1 
that this difference is significant. The average yield of Clarage 
crossed with Longfellow exceeded that of Clarage by 5.6 bushels. 
Although this difference is based on a two-year average only, it is 
rather significant that in this experiment as well as the one in Green- 
brier County, the first generation cross exceeded the yield of either 
of its parents. 


EXPERIMENTS IN BROOKE COUNTY 


The varietal tests in Brooke County were carried on for two 
years only; in 1922 on the farm of Mr. W. H. Sill and in 1923 on the 
carm of Mr. Will Finley. The yields of the varieties grown are re- 
corded in Table XIII. 


TABLE XIII.—Yield Per Acre in Bushels of Shelled Corn of Varie- 
ties Grown on the Sill Farm in 1922, and on the 
Finley Farm in 1923, Both in Brooke County. 


Vidld Peroacrer ine Average 

Varieties* Bushels Yield in 

Bushels, 

1922 1923 1922-23 
Ey bridamellowewemt: \local):2 <=. 25. | 53-3 54.1 | 53.7 
Red Top Yellow Dent (local)....................-. ileal 50.7 50.9 
ReidismVellows-Went (local) — 22-2 ee cee | 49.3 50.7 | 50.0 
LASER O NORE scans acre, ee me ee ees pire se eee | 49.1 49.2 | 49,2 
RCTS MN Ge LO yy mie NC TN ree oe ae ee 2 ese | 45.8 50.77 48.3 
BOOMen OU ty: | VVIMIGE® See ee ee 50.6 36.7 | 43.7 
Teo nao Crone MANURE ook ee eee eee | 48.3 36.6 42.5 


*Hybrid Yellow Dent obtained from J. T. Burge; Red Top Yellow Dent obtained from 
W. H. Sill; Reid’s Yellow Dent local obtained from S. C. Gist, Jr. 
+Yield based on the average of three plots only. 


An examination of the second and third columns of Table XIII 
shows that the yields for the two-year period are fairly consistent. 
The three local sorts were among the highest yielding varieties each 
year. This fact is also shown by the average vields listed in the 
fourth column. The three local varieties produced an average of 53.7, 
50.9, and 50.0 bushels of shelled corn per acre, whereas Reid’s Yel- 
low Dent and Leaming gave average yields of 49.2 and 48.3 bushels 
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respectively. The differences in average yield between these five 
varieties are not very significant in view of the fact that they are 
based on tests carried on for two years only. Boone County White 
and Johnson County White failed to mature in 1923, which fact ac- 
counts for the relatively low yields in that year. 


EXPERIMENTS IN RANDOLPH COUNTY 


The altitude of most of the farm land in Randolph County is 
relatively high and therefore not adapted to growing late maturing 
corn. The varietal experiments in this county were carried on for 
three years on the County Farm. The varieties grown and yields 
obtained are listed in Table XIV. 


TABLE XIV.—Yields Per Acre in Bushels of Shelled Corn, of Varie- 
ties Grown on the County Farm in Randolph County. 


; ; Average 

Varietios® Yield Per Acre in Bushels Yield in 

Bushels, 

1922 | 1923+ 1924+ 1922-23-24 
Sal Viera iiia oes cee eee 64.4 39.4 44.2 49.3 
Coldenm Goyer eee Diledt 41.9 47.0 48.7 
Shoembess (local) 50.8 A7.1 45.3 47.7 
Golden Glow x Longfellow.... 56.4 43.5 41.0 47.0 
Minniesotam Now 3a se ee 46.6 31.9 49.9 | 42.8 
Clarage x Longfellow.............. 51.5 43.1 33.32 | 42.6 
Clara ems Nel acne eee eee eee 57.8 34.7 25.42 39.3 
Lometellow. 222 ee oe BT LOcASe 7) ae oe all Sm eee 
Crawford White Dent (local)} ... | Wo. 40: S55 5} eee 


*Shoe Peg obtained from County Farm; Crawford White Dent obtained from Herbert 
Crawford. 


7Yield of each plot based on all four rows instead of the two central rows only. 
tYield based on the average of three plots only. 


The second, third, and fourth columns of Table XIV show that 
the relative rank of the several varieties with regard to yield is not 
consistent. The highest yielders in 1922 were Silver King, Clarage, 
and Golden Glow; in 1923 Shoe Peg and Golden Glow crossed with 
Longfellow, and in 1924 Minnesota No. 13, Golden Glow, and Shoe 
Peg. The two varieties last named are the only ones that were 
among the three highest yielding varieties in two out of the three 
years the test was carried on. For the above reasons the average 
yields in the fifth column are not very trustworthy. It is interesting 
to note that the first generation cross (Clarage x Longfellow) again 
exceeded the average yield of its higher yielding parent (Clarage) 
by 3.3 bushels. 
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SUMMARY 


1.—Corn varietal experiments were carried on from two to four 
years on the Agronomy Farm near Morgantown and in the follow- 
ing counties: Mason, Berkeley, Hardy, Greenbrier, Mercer, Ran- 
dolph, and Brooks. 


2.—On the Agronomy Farm, Leaming, Reid’s Yellow Dent, 
Woodburn White Dent (U.S. Selection No. 77), and Boone County 
White produced the highest average yields of shelled corn per acre, 
whereas Cocke’s Prolific Woodburn White Dent, Knight’s White, 
and Boone County White produced the highest average yields of air 
dry forage (cut at the “ear-glazed” stage) per acre. On the basis 
of the four-year-average yield of air dry forage, Leaming and Reid’s 
Yellow Dent produced approximately one-half ton per acre less than 
Cocke’s Prolific, the highest yielding variety. 


3.—The first generation crosses between Longfellow flint and 
certain dent varieties grown on the Agronomy Farm, in general, 
yielded both in grain and air dry forage somewhat less than their 
respective dent parents but matured somewhat earlier. 


4—Mammoth Russian sunflowers on the Agronomy Farm pro- 
duced the highest average yield per acre of green forage, but on the 
basis of air dry forage the average yield was next to the lowest of 
all the varieties in the test. Longfellow flint corn produced less air 
dry forage per acre than was produced by the sunflowers. 


5—The total average yields of protein, fat, and nitrogen free- 
extract of the several varieties grown on the Agronomy Farm cor- 
respond approximately to the average yields of the air dry forage. 
The sunflowers produced relatively more fat and crude fiber in pro- 
portion to the amount of dry forage than was produced by any of 
the varieties of corn. 


6.—At the Maggie Substation, Woodburn White Dent (U. S. 
Selection No. 77), on the basis of a two-year average yield, produced 
10.3 bushels per acre more than any other variety in the test. 


7_—The results of the co-operative varietal experiments show in 
general that local high yielding varieties or strains of corn produce 
as well as, and sometimes better than, high yielding varieties or 
strains introduced from elsewhere. 
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8.—The experiments in Berkeley County did not reveal any 
striking differences in average yields between any of the varieties in 
the tests. Two strains of Leaming and one each of Boone County 
White and Reid’s Yellow Dent produced the highest average yields 
of shelled corn per acre on both the Hammond and Stuckey farms. 


9.—In Greenbrier County a local yellow strain, a local white 
strain, and the Leaming variety obtained from Mr. George S. Strosni- 
der near Waynesburg, Pennsylvania, produced the highest average 
yields of shelled corn per acre. 


10.—The variety Silver King, which is a white dent corn, pro- 
duced the highest yield of grain in both 1922 and 1923 in the experi- 
ments in Mercer County. 


11—In Randolph County the varieties Silver King, Golden 
Glow, and Shoe Peg, and the first generation cross of Golden Glow 
and Longfellow all produced satisfactory yields of grain. 


12—In Brooke County the three local strains of corn produced 
the highest average yields of grain. The introduced strains of Leam- 
ing and Reid’s Yellow Dent, however, did not produce significantly 
lower yields than the local strains. 


13.—Johnson County White, Boone County White, and Brill 
Corn produced the highest average yields of shelled corn in the va- 
rietal experiments on the Reymann Memorial Farm in Hardy County. 


14.—The first generation cross of Clarage and Longfellow pro- 
duced a higher average yield of shelled corn per acre than either of 
its parents in the three counties where they were compared, namely, 
Greenbrier, Mercer, and Randolph. 
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APPENDIX 


During the last few years considerable has been written concern- 
ing the advantages and disadvantages of the probable error in inter- 
preting field experiments. At present most agronomists use this 
criterion in some form as an aid in determining the significance of 
yield obtained in plot experimentation. Much of the adverse criticism 
that has been aimed at the probable error concept 1s owing to the 
lack of sympathetic understanding and an appreciation of its true 
value. The statistical method of analysis as an end in itself is of no 
particular interest to the agronomist, but as an aid in interpreting 
results of field experiments it becomes of great importance. 


One of the greatest advantages of the statistical method of anal- 
ysis is that it tends to remove the “personal equation” from the in- 
terpretation of experimental results. What may seem like a sig- 
nificant difference to one investigator may not seem so to another. 
One has only to examine the pages of a few bulletins presenting the 
results of agricultural experiments to be convinced of this fact. 


While it is true that there are instances in the agricultural lit- 
erature where the particular use that has been made of the probable 
error is questionable, it is true also that there are many more in- 
stances where the use of the probable error would have prevented the 
deduction of erroneous conclusions. A statistically significant differ- 
ence cannot mean more than the data on which it is based. If the 
particular method used in determining the significance of the differ- 
ence has been wrongly applied, that is the fault of the investigator 
and not of the method. Experimental results should be analyzed in 
such a way as to insure reaching the most trustworthy conclusions. 
Any method which reduces the amount of “guessing” to a minimum 
is justified. 

In field experiments such as varietal trials the investigator is 
frequently confronted with the necessity of using a small number of 
plots and of carrying on the work for a few years only. The funda- 
mental principles of the statistical method of analysis are based on 
large numbers of variables, for it is only when there are large num- 
bers available that the laws of chance have a fair opportunity to 
operate. There are, however, several methods of analysis which 
have been evolved for relatively small numbers of variables. Even 
with these special methods there is always an element of danger in 
applying them rigidly when few individuals or varieties are involved. 
One of the special methods which possesses several advantages, and 
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which is meeting with considerable favor among agronomists, is that 
suggested by Student a number of years ago.* This method has 
been used in interpreting the results presented in this bulletin. The 
reader is referred to the literature cited for a discussion of the method, 
as illustrations of its use only will be presented here. 


Suppose that it is desired to determine the significance of the 
difference in yield of bushels of shelled corn per acre between Leam- 
ing and Reid’s Yellow Dent corn grown on the Agronomy Farm 
(Table III). We proceed as follows: 


1921 1922 1923 1924 
NGICMGISS Ose ID SEW CMIBOS eee cet cece cece ee 45.9 files 59.8 41.9 
Yields’ of Reid’s Yel. Dent... 45.8 83.0 46.1 36.4 
Algebraic differences -.--....-------.---- +0.1 —11.7 13.7 =- 5:5 
IN WEVA WOR RTE STA KO aed pee nn eters ae +1.9 
Standard deviation of differences. = 9.25 


Divide the mean by the standard deviation, which gives the value of 
Z (1.9/9.2=0.21). Now looking up the odds in Love’s tables (modi- 
fied form of Student’s table) corresponding to Z=0.21 and under 
n=4, we find by interpolation that they are approximately 1.7 to 1. 
In other words, the chances are only 1.7 to 1 that the difference be- 
tween these two varieties is owing to an inherent difference in their 
yielding capacity for the particular conditions. From this we con- 
clude that the difference in average yield between the two varieties 
in this experiment is not significant. 


In a similar manner it is possible to determine the significance 
of the difference in yield in tons of air dry forage (Table V.) be- 
tween Cocke’s Prolific and Blue Ridge. Proceeding as before we 
find the odds are about 10 to 1. The chances are 10 to 1 that for the 
given conditions Cocke’s Prolific possesses greater yielding capacity 
than Blue Ridge. 


*See references to Student’s Method in Literature Cited at end of this bulletin. 


7 In computing standard deviation the following formula was used: Standard devia- 
tion = V fd2 


n 
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Cultural Experiments with Wheat, 
Oats, and Buckwheat 


The three most important small grain crops grown in West 
Virginia are wheat, oats, and buckwheat. The average annual acre- 
age of wheat is about 240,000 acres and of oats about 200,000 acres. 
The acreage of buckwheat grown averages about 40,000 acres an- 
nually. Two important considerations in connection with growing 
these crops are time and rate of seeding. 

Experiments with different rates of seeding buckwheat and 
also seeding at different dates have been conducted previously at 
this station.* No such experiments had, however, been conducted 
with wheat and oats. It was therefore thought advisable to start a 
series of such experiments with these two latter crops and also to 
repeat certain portions of the buckwheat experiments. The results 
of these tests are reported in this bulletin. 


METHODS OF EXPERIMENTATION 


The different crops were seeded in plots consisting of strips 
one drill-width wide by approximately eight rods in length. Each 
rate and date of seeding was repeated four times each year except 
where otherwise noted. The drill used was a fourteen-hole single 
disc drill with discs seven inches apart. This made each plot about 
eight feet wide with an area of approximately one-fourtieth (1-40) 
Of an- acre. 

An unseeded alley one and a half feet wide was left between 
plots. At harvest time the two outside drill rows of each plot were 
cut and discarded before the remainder of the plot was harvested. 
This was done in order to eliminate border effect. The drill was 
carefully calibrated each year for the different rates of seeding for 
each crop. 

In computing the yields per acre the probable errors of the 
yields were also calculated. The probable error is used to determine 
how large a difference in yield between two series of plots should 
be before it is considered significant. When results from such ex- 
periments as reported in this bulletin are considered, the consistency 
of a difference in yield as well as the relative amount of such differ- 
ence, should be taken into consideration. Since the probable error 
takes these factors into consideration it helps to determine what de- 


*w. Va. Exp. Sta. Bul. 171, 1919. 
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gree of confidence one can place in the differences in yields obtained 
from various treatments. The method of computing probable errors 
based on the yield of varieties under test as described by Hayes was 
used.” 


Table I shows the probable error in per cent for the different 
tests for each year, both for single plots and for the mean or average 
yield of the plots seeded at the same rate or date. 


TABLE I.—The Probable Errors in Percentages for Date and Rate 
of Seeding Experiments as Measured by the Deviation 
of Each Plot from the Mean Yield of Each Treatment. 


Probable Error in Per Cent 
ae 1921s) 19226 jal 3923— e924 
Bree a oe ee On rare eS 2 
fa) 23) 8 | 23 S| 23) 2 83) 8 
2S OG) SOR |S 6 SN aes 
Wheat (date seeding) -........ 20* | a OMS | 0) ves || Be) 
Wheat (rate seeding)............ 20 | ESS | RSG CIES20) NG: Saliezss 
Oats (rate seeding)................ Nee ee a | Ge | BE eG abe 
Buckwheat (date seeding)... 24 | 10.7 | 5.4 | 15.5 | 7.8 | 17.9 | 9.0 | 9.6 | 4.8_ 
Buckwheat (rate seeding) ..| 24¢ | 6.1 | 2.7 | 5.6 | 2.5 | 5.8 | 2.9 | 4.7 | 2.4 


*25 plots in 1922 with 5 plots for each date. 
712 plots in 1921 with 3 plots in each rate. 
£25 plots in 1921-22 with 5 plots in each rate of seeding . 


By applying the probable errors as shown in the table to the 
yield from different treatments, a figure is obtained showing the 
least difference in bushels that should be considered as a significant 
difference for each year of the experiment. It is interesting to note 
the variability shown in the probable errors for the different years 
and experiments. As an example the probable error for the buck- 
wheat rate of seeding test is much smaller each year than for the 
date of seeding. This shows that the results from the rate of seed- 
ing experiment were much more uniform throughout than those 
from the date of seeding and, therefore, a much smaller difference 
in yield per acre could be considered significant. 


Another method adopted to comparing average yields over a 
number of years was also used in determining the significance of 
the difference in average yields for the different treatments.t In 
this method the odds for or against a certain difference being signifi- 
cant are calculated. 


*Hayes, H. K. Controllng Experimental Error in Nursery Trials. Jour. Amer. Soc. 
Arona oi ho ceo zee 
y7Student. Probable Error of a Mean. Biometrika 6:1-25. 1908. 


March, 1926) CULTURAL EXPERIMENTS 5 


EXPERIMENTS WITH WHEAT 


In the fall of 1921 a test with different rates and dates of plant- 
ing winter wheat was started. Portage wheat was chosen as being 
typical of much of the winter wheat grown in this state. This variety 
is a beardless wheat of the soft winter wheat type. It is a selection 
from Poole wheat and has given very satisfactory results at the 
Ohio Station. 


Date of Seeding 


The date of seeding test consisted of plots seeded at ten-day 
intervals from September 10 to October 20. A uniform rate of six 
pecks per acre was used. Table II shows the yield per acre obtained 
over the three-year period. 


TABLE II.—yYield of Winter Wheat Obtained at Different Dates 
of Seeding on the Agronomy Farm 1922-23-24. 


Average | Average 
: ; iel 

Date of Seeding Date Yield in Bushels per Acre copes 

Harvested | T9557 4923. | 1924 | 1922-23-24 
September 20 July 6 | 29.5 | 30.1 | 33.7 | ila 
September 30 July 7 AE I ease | Pe | 29.6 
September 10 Apis BY le Panel | Bik |p aot | 28.3 
October 10 JulysOS et 23.09) 22.5 | 182 21.5 
October 20 [- 7 dauiby al eT ay | ae ale 15.1 


In all three years the yields for wheat seeded October 20 were 
decidedly lower than from any of the earlier plantings. The odds 
as calculated are approximately 63 to 1 that the average yield ob- 
tained from the September 20 seeding is significantly higher than 
the average yield obtained from the October 20 seeding. Similarily 
the odds are 21 to 1 that the difference in yield obtained from the 
October 10 and October 20 seedings is significant. The October 10 
seeding also produced lower yield than any seeded before this date. 
Apparently this date also is too late for conditions prevailing in this 
locality. These late seedings resulted in a large amount of winter 
killing. 

As an average for the three years there is little difference in 
yield in the three earlier plantings. In 1923 the September 30 seed- 
ing yielded more than the two seedings made prior to this date, 
but in 1924 it yielded less than these. The least difference in average 
yield that should be considered as significant as calculated from 
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Table-I is approximately 3 bushels for=1922,-5.3 bushels for 1923, 
and 4 bushels for 1924.* 


Winter wheat should not be sown too early on account of the 
danger of Hessian Fly infestation. The fall brood of this insect 
appears in August or the first part of September. If there is wheat 
growing at this time the eggs are deposited on the seedling plants 
where the young are hatched. These feed on the young wheat plants 
for a while in the fall and then go into the dormant stage. The 
chief injury is done when the spring brood appears. 


If wheat is sown late enough to escape the fall brood there will 
be no flies to cause injury in the spring. The dates when wheat may 
safely be sown in a normal season so as to avoid the fall brood, have 
been faily well worked out. The accompanying chart and table shows 
the fly free dates for West Virginia for a normal season and for 
various altitudes. 


*Average yield of all plots multiplied by 3 y 2.x RE. ot mean. 


March, 1926) 


CULTURAL EXPERIMENTS 


O 1 if 
4104 07030! 161026 
OCT 
£529 a! 2 


26 210 2010301! 16 6! i270 83018 
oct | 
124154 | 2lro} 1171927! 131023 | 91a} 


Ae 


AT <a 


if 
nt 


re) 
os 
2A 
sd 1dp) 
i 
a5} 
f= 
oR 
ore 
= 9 
[aK) 
Oo 
yw 
o 
as 
< 
°o 
a2 
aed 
Oo 
”o % 
-2 
CSc 
oe 
o> 
Zu 


s for Seeding Winter Wheat in a 
the Danger From Hessian 


of Agriculture.) 


8 W. VA. AGR’L EXPERIMENT STATION (Bulletin 200 


Dry weather may delay the emergence of the fly in the fall so 
that it might be necessary to seed later than the dates shown in 
the chart. It will be necessary to take the seasonal conditions into 
consideration each year in order to apply this chart properly. In 
looking at this chart we find that for the location of these experi- 
ments the dates recommended is from September 24 to October 4. 
The elevation of the Agronomy Farm is approximately 1200 feet. 
From the results obtained in the test it would seem that the fly free 
dates may be observed and still as high yields obtained as seeding 
at an earlier date. In 1924 a somewhat higher yield was obtained 
for the September 20 planting than the September 30, but in the 
other two years the September 30 seeding yielded as much or more 
than the earlier seedings. There was no fly infestation in any of 
the years of this experiment. It would not have been practical to 


conduct this test if fly infestation had been a common occurrence 
in this locality. 


Plots of Winter Wheat Sown at Different Dates on the Agronomy Farm. The 
Thin Stands in the Center of the Picture Are of Plots Seeded October 10 
and 20. On the Extreme Left the Plot Seeded September 10 is Shown. 


Rate of Seeding 


The rate of seeding wheat varied from four to eight pecks per 
acre. These plots were all seeded and harvested at the same time. 
The yields obtained are shown in Table ITI. 
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TABLE III.—Yields of Winter Wheat Obtained at Different Rates 
of Seeding on the Agronomy Farm 1922-23-24, 


Rate of Average Average Yield in Bushels Average 
Seeding Dat Yield 
Pecks ate of Date of per Acre 

A Seeding Harvest perencte 
perAcre | 1922 | 1923 | 1924 1922-23-24 

8 | Sept. 28 | July 7 | 20.0 | 34.3 | 40.0 | 31.4 

7 | Sept. 28 | July 7 | 160 | 34.7 | Stor | 29.5 

6 feeSepe 28) lmeeluly, 7 le 15.2 | 35.0 | 36.0 | 28.7 

5 HeescDtezoe ie Ulyavem |) 13:98 Te eoir | 34.1 | 27.2 

4 (Peedi 28 | duly 7) |e d3-4 1) 30.8 | 2B | 24.4 


In 1922 the yields varied from 13.4 bushels per acre from the 
four-peck seeding to 20.0 bushels for the eight-peck rate with the 
other plots ranging between these in the order of the rate of seeding. 
Evidently for the conditions prevailing during that year a seeding of 
four or five pecks per acre was not enough. The yield from the six- 
peck seeding was 15.2 bushels per acre and from the seven-peck it 
was 16 bushels. The difference in yield between these two is not 
large enough to be considered significant. 


In comparing rates of seeding yields the net yields should be 
used as the basis. The net yield of a plot is obtained by subtract- 
ing the amount of seed sown from the total yield. Thus the net 
yield from the six-peck seeding is 13.7 bushels, and from the eight- 
peck seeding it is 18 bushels. Considered in this way it can be 
stated with a fair degree of certainty that for this year seedings of 
seven and eight pecks per acre yielded better than the lighter seed- 
ings of four, five, and six pecks. 


In the 1923 yields there is a lesser range between the different 
rates of seeding. The plots were located on better soil than in 1922 
and the yields are all considerably higher. In this year the four- 
peck seeding again averaged the lowest yield with 30.8 bushels per 
acre. The six-peck seeding produced the highest average yield with 
35.0 bushels. The seven and eight-peck seedings yielded 34.7 and 
34.3 bushels per acre, respectively. The net yield per acre for all 
seedings were 29.8, 32.2, 33.5, 32,9, 32.3 bushels per acre for the 
four, five, six, seven, and eight-peck seedings, respectively. Under 
the more favorable soil and weather conditions prevailing this year 
there was little difference in yield between the different rates frown 
five to eight pecks. The four-peck seeding was not enough to give 
the best results. 
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Plots in Rate of Seeding Wheat in Shocks With Cock Covers to Protect 
Against Birds and the Weather. 


The season of 1924 was again favorable for wheat and the vields 
correspondingly high. The yields ranged from 28.9 bushels for the 
four-peck seeding to 40.0 bushels for the eight pecks. ‘The net yields 
were 27.9, 32.8, 34.5, 35.9, and 38.0 bushels per acre for the four, five, 
six, seven, and eight-peck seedings, respectively. In this year as in 
1922 the seven and eight-peck seedings yielded better than the lighter 
seedings. Four pecks again yielded consideiably lower than the 
five or six-peck seeding. 

The average net yields per acre for the three years were 23.4, 
25.9, 27.2, 27.7, and 29.4 bushels per acre for the four, five, six, seven, 
and eight-peck seedings, respectively. From this it is seen that the 
eight-peck seeding averaged only 1.7 bushels more per acre than the 
seven-peck and the latter only .5 bushels more than the six-peck. 
Considering the short period over which the experiment extended 
these differences are probably not large enough to be of any signifi- 
cance. The odds are only 5 to 1 that the net yield obtained from 
the seeding of eight pecks per acre is significantly higher than that 
obtained from the seeding of six pecks per acre. 

The five-peck seeding averaged 1.3 bushels less than the six- 
peck and the four-peck 2.5 bushels per acre less than the five-peck. 
The four-peck rate is too small while under favorable conditions the 
five-peck may give nearly as good results as six pecks or more. The 
odds are 18 to 1 that the net yield obtained from the eight-peck 
seeding is significantly higher than that obtained from the four-peck 
seeding. It seems that it is wiser to seed six pecks in order to be 
better insured against an adverse season. The increase in average 
yield for a seven or eight-peck seeding is not large enough, how- 
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ever, to warrant recommending a heavier seeding than six pecks per 
acre. 


EXPERIMENTS WITH OATS 


It is generally recognized that oats should be sown just as early 
in the spring as the ground can be put in shape. A date of seeding 
test was therefore not considered necessary for this crop. The rate 
of seeding test was started in the spring of 1921. The variety used 
the first year was Sweedish Select. This is a representative of the 
medium to late maturing oats. Iowa 103, an early maturing variety, 
was used in 1922, and Gopher oats, another early type, the following 


years. The results obtained over the four-year period are shown in 
Table IV. 


TABLE IV.—Yields of Oats Obtained at Different Rates of Seeding 
on the Agronomy Farm 1921-24. 


Ret oF Average Average Yield in Bushels Xv et age 
Seeding Yield 
Date of Date of per Acre 
Boers Seeding | Harvest Del eete 
perAcre | | 1921 | 1922] 1923] 1924 1921-24 
12 | April10 | July 18 | 26.8 | 15.3 | 40.3 | 42.3 31.2 
10 [April LO | See suly.18 9 3829.7. | 15.2 | 36.5 | 40.9 30.6 
8 | April 10 | July 18 | 30.9 | 13.9 | 35.1 | 39.0 29.7 
6 | April 10 | July 18 | 22s || aay | BEE) || aia 27.0 


In 1921 when Swedish Select oats were grown the eight and 
ten-peck rates of seeding yielded most. Six pecks were evidently not 
enough and the twelve-peck seeding did not yield as much as the 
intermediate rates. In 1922 the plots were located on rather thin 
soil and the season was not favorable for oats. As a result the yields 
were very low and fluctuated considerably. In this year the six-peck 
seeding yielded fully as well as any of the heavier seedings. 

For the 1923 season there was a gradual increase in average yield 
from six-peck to twelve-peck seeding. The net yields per acre were 
32.4, 33.1, 34.0, and 37.3 bushels for the six, eight, ten, and twelve- 
peck seedings, respectively. Here also the increase for the heavier 
seedings as compared with six pecks show only small increases in 
yield. The differences between six, eight, and ten pecks certainly 
are not large enough to be significant and it is doubtful whether even 
the net increase of the twelve-peck over the ten-peck seeding is large 
enough to be considered a real difference. 

The net yields for 1924 were 33.6, 37.0, 38.4, and SS) bushels per 
acre for the six, eight, ten, and twelve-peck seedings, respectively. 
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In this year there was little difference in net yields between the eight, 
ten, and twelve-peck seedings. These, however, yielded better than 
the six-peck rate. 

Considering the average yields for the different rates of seeding 
oats over the four year period, there is no appreciable difference in 
net yield for the eight, ten, and twelve-peck seedings. The six-peck 
seeding averaged approximately two bushels per acre less than the 
eight-peck seeding, and two and a half bushels less than the ten and 
twelve-peck seedings. Over the period under test, therefore, it would 
seem that eight pecks was a full seeding especially of early oats. 
There was no significant increase in yield from heavier seeding than 
this. A heavier seeding will do no harm and ordinarily a ten-peck 
seeding should probably be used in order to insure against adverse 
growing conditions. 


EXPERIMENTS WITH BUCKWHEAT 


Tests with different rates and dates of planting buckwheat were 
started in 1921. Japanese buckwheat was used in all these experi- 
ments. This variety is the one most commonly grown in West 
Wirginia and has also consistently given the highest yields in the 
varietal experiments conducted at this station. 


Date of Seeding 


Buckwheat was planted at ten-day intervals from June 10 to 
July 30 each year. The field used in this experiment was plowed at 
the same time for all the plots, about May 15 to June 1. The ground 
was worked down to a good seedbed before the first planting was 
made. The plots seeded June 20 and later were given a double discing 
immedately before seeding in order to eradicate the weeds which 
usually appeared before that time. The plots were all seeded at the 
uniform rate of four pecks per acre. 


TABLE V.—Yields of Buckwheat Obtained at Different Dates of 
Seeding on the Agronomy Farm 1921-24. 


Average ; = Average 
Date ot | Bat | Yield in Bushels per Acre Yield sie 

Harvest 1927 eo 22 1923 1924 Acre 1921-24 
July 10 Sept. 20 21.7 16.7 14.9 il hes} 18.2 
July 20 | Sept. 29 20.7 | 19.8 19.6 10.6 | etl 
July 30 | Oct. 5 8.1 14.5 23.0 15.0 | A PA 
June 10 Aug. 27 14.1 17.8 12.8 15.0 14.9 
June 20 | Sept. 5 16.6 14.1 10.2 18.1 14.8 
June 30 | Sept. 11 | 20.3 9.2 7.9 ge 1356 
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In 1921 the late seeding made July 30 produced the lowest 
yield with only 8.1 bushels per acre. The early plantings on June 
10 and June 20 also produced relatively low yields. The intermediate 
dates of seeding June 30, July 10, and July 20 produced the highest 
yields with 20.3, 21.7, and 20.7 bushels per acre, respectively. 

In 1922 the July 20 seeding made the best yield with 19.8 bushels 
and the June 30 seeding the lowest with 9.2 bushels per acre. The 
July 30 seeding made the highest yield in 1923 and the July 10 
seeding in 1924. As an average of the four years the July 10 and 20 
seedings, with 18.2 and 17.7 bushels respectively, yielded the most. 
The odds are 30 to 1 that the difference in average yield between 
the July 10 and the June 30 seedings is large enough to be con- 
sidered a significant difference. The yields fluctuated considerably 
with the different dates of seeding for the different years. As an 
average for the conditions where this test was conducted, seeding 
some time from July 10 to 20 will probably give the most uniformly 
good results. 


Rate of Seeding 
The different rates of seeding buckwheat varied from two pecks 
to six pecks per acre in the first two years. A seeding of eight 
pecks per acre was also included in the last two years of this experi- 
nent. The plots were all seeded at the same time. Table VI shows 
the results obtained. 


TABLE VI.—yYield of Buckwheat Obtained at Different Rates of 
Seeding on the Agronomy Farm 1921-24. 


atc Average Average | Yield in Bushels Average 
Seeding Yield 
Date of Date of per Acre 
Pecks Seadin Parnes per Acre 
per Acre ° | 1921] 1922| 1923| 1924 1921-24 
2 | July 9 Sept. 17 24D 922.0 20.3) 2229 22.3 
3 July 9 Sept. 17 Yapaath || BRL || lees Il Aaa 22.3 
4 July 9 | Sept. 17 | 23.8 | 20.0 | 21.7 | 23.3 | 22.2 
5 | July 9 | Sept. 17 | 28.6 | 18.9 | 23.1 | 23.2 | 22.2 
on July 9 Sep, Phe) || BAL. | 21.9% 
6 Antiny Qi) ASikeiore, Ib 22.1 | 17.0 | 24.5 | 22.5 | 21 


*Two-year average. 


It may be seen from Table VI that for the years under test 
there was not a very large difference in yield as a result of the dif- 
ferent rates of seeding. As an average of the four years there was 
no significant difference in yield between any of the plots. The thin 
seeding of only two pecks per acre produced as high average yields 
as any of the heavier seedings. Where the net yields are considered 
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Plots of Buckwheat Sown at Different Dates on the Agronomy Farm. 


the average yield from the two-peck seeding is 21.8 bushels per 
acre and for the six-peck 20 bushels. 


Although in this test the two-peck seeding has proved as good 
as the heavier seedings, a seeding of three or four pecks probably 
should be recommended in order to insure a good stand under more 
adverse conditions. The heavy seedings of six and eight pecks per 
acre resulted in thin stemmed plants which did not stand up as well 
as the plants from the thinner seedings. This made these plots 
more difficult to harvest. 


SUMMARY AND CONCLUSIONS © 


1.—Rate and date of seeding tests were conducted with wheat 
and buckwheat and a rate of seeding test was made with oats on the 
Agronomy Farm near Morgantown. 


2—Wheat seeded September 10 to 30 produced the highest 
yields. Wheat should not be seeded earlier than about September 
25 in order to escape Hessian fly infestation. 


3.—Seeding six pecks per acre is recommended for winter wheat. 
4.—Eight or ten pecks per acre is recommended for early oats. 


5.—Although two pecks per acre of buckwheat produced as high 
a yield as heavier seedings, a seeding of three or four pecks is recom- 
mended in order to insure against adverse conditions. 


6.—Buckwheat seeded July 10 and 20 produced the best results. 
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Some Factors Affecting the Weight 
of Eggs 


Other things being equal, the food value of an egg is practically 
in direct proportion to its weight. Therefore, it is important to 
know the facto-s that tend to influence the size or weight of eggs. 
The size or weight of eggs is also of importance to the breeder since, 
other things being equal, the big egg hatches out the big lusty chick. 
Moreover, it is probably true that the same factors which bring 
about fluctuations in egg weight influence the number of eggs that 
a hen may lay, hence a knowledge of the causes which bring about 
variations in weight may be of value in throwing light on the process 
of egg production, and thus aid in the development of better methods 
of feeding and managing laying hens. 


BRIEF REVIEW OF LITERATURE 


It may be well to review briefly the observations and experi- 
ments which have been reported in experiment station publications 
with reference to egg weight. 


Effect of Age of Laying Stock on Weight of Eggs 


The age of the bird laying the egg has a marked influence on its 
weight. It is well known that pullet eggs are smaller than the eggs 
laid by mature fowls. Dryden (1900) found that the eggs laid by 
yearling White Leghorn hens averaged 8 per cent heavier than the 
eggs laid by the same birds during the pullet year. Hadley and 
Caldwell (1920) using White Plymouth Rocks found an average in- 
crease in the weight of the eggs of from 4 to 6 per cent from the first 
to the second laying season. Atwood (1925) with White Leghorns 
found an average increase from the first to the second laying season 
of about 11 per cent, and a further increase from the second to the 
third laying year of about 2 per cent. Lippincott (1921), Atwood 
(1923), and Jull (1924) found that the younger the pullets when be- 
ginning to lay the smaller were the first few eggs that were laid. 


Weight of Eggs as Influenced by the Breed 


The size of the egg is a breed characteristic. At one extreme 
stand the bantams with their small eggs and at the other are the 
Minorcas and Brahmas. Gilbert (1891) found that Barred Plymouth 
Rock and Black Minorca eggs average 1.69 pounds per dozen; Brah- 
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ma eggs 1.81 pounds; White Leghorn eggs 1.63 pounds; and Wyan- 
dotte eggs 1.56 pounds per dozen. Dryden (1899) gave the average 
weight of Light Brahma eggs at 1.64 pounds per dozen and Brown 
Leghorn eggs at 1.46 pounds. The same author in Bulletin 67 of 
the Utah Experiment Station gave the weight of White Leghorn 
eggs (mature fowls) at 1.56 pounds per dozen, White Leghorn pul- 
lets at 1.37 pounds, Wyandottes at 1.56 pounds, and Barred Ply- 
mouth Rocks at 1.52 pounds per dozen. Stewart and Atwood (1900) 
report the mean weight of eggs laid by mature White Leghorn hens 
at 1.43 pounds per dozen. Card and Kirkpatrick (1919) in summariz- 
ing the results obtained from five laying contests in which a large 
number of different pens participated found that the Plymouth Rock 
eggs averaged 1.56 pounds per dozen; the Wyandotte eggs 1.47 
pounds; the Rhode Island Red eggs 1.57 pounds, and the White 
Leghorn eggs 1 51 pounds per dozen. The figures obtained from the 
laying contests probably fairly represent the weight of the eggs of 
the four principal breeds as they exist today, although it 1s probably 
true that certain strains of the same breed may differ as much as the 
breeds themselves. 


Weight of Eggs as Influenced by the Ration 


A ration that is not fed liberally enough reduces the size of the 
eggs. Atwood (1914) found that a ration fed too sparingly may 
reduce the general size of the eggs as much as 2.6 per cent; also 
that if a fowl is fed an improperly balanced ration the size of the 
eggs will be decreased. Additional data along this line are presented 
later in this publication. 


The Effect of Confinement on Egg Weight 


Gilbert (1891) found that the eggs laid by hens in confinement 
were not so large as those laid by the same hens when they had free 
range. Whether this result was due to the additional exercise or 
to some other factor is impossible to determine as Atwood (1922) 
in one case found the eggs larger and in another case slightly smaller 
as the result of confinement. The additional exercise resulting from 
running at large when taken in connection with a more perfectly 
balanced ration which frequently accompanies free range may be 


the means of increasing the egg weight. 


Seasonal Variation in the Weight of Eggs 


The seasonal distribution of egg weight with pullets is quite 
different from that of mature fowls. In the case of pullets under 
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normal conditions there is a constant and fairly uniform increase 
in egg weight from the beginning of the laying period, say in De- 
cember or January, till the close of the laying year. This increase 
in egg weight :s closely correlated with the increase in the body 
weight of the birds. In the case of mature fowls, however, the max- 
imum mean egg weight is in December and January and the min- 
imum is in June and July, the mean egg weight for any particular 
month being in inverse proportion to the number of eggs laid during 
that month. In other words, the more eggs laid by mature fowls 
during any particular period the smaller they tend to become for that 
period as shown by Atwood (1923). 


Inheritance of Size of Eggs 


Laurie (1912), Benjamin (1920), and others have found that the 
size of eggs does not appear to be sex limited. That is, either parent 
will transmit. In mating stock for egg production the tested hens 
selected should be layers of eggs of the size required, and should be 
the progeny of hens which laid eggs of similar size, and of cocks 

S 


descended from hens which laid eggs of the desired size. 


THE MEAN WEIGHT OF THE EGGS LAID BY BIRDS OF 
THE SAME VARIETY 


In connection with experiments reported in bulletins 179 and 
182 of this station the following data on egg weight have been obtain- 


ed. 


Fowls Employed 


The fowls employed in this experiment were standard bred 
Single Comb White Leghorns. Prior to the beginning of this experi- 
ment this strain of fowls had not been trapped or bred for egg produc- 
tion. From the standpoint of the weight of eggs these fowls may be 
considered as a random sample of Single Comb White Leghorns. 
Each female in flock A had one or more full sisters in flock B and 
vice versa. Likewise the birds in flocks C and D were sisters and 
E. and F were sisters. Flocks A, C, and E were well fed while young; 
flocks B, D, and F were fed rations low in protein and ash so that the 
increase in live weight was slow. After laying began all six flocks 
were fed uniformly on a well balanced laying ration. 
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The data used in this discussion cover three years’ of produc- 
tion for flocks A and B, two years’ for flocks C and D, and one year’s 
production for flocks E and F. The laying year in all cases began 
December 1 and ended November 30. All eggs were weighed early 
each morning on the day following that on which they were laid, and 
in this discussion double yolked eggs and those abnormally small 
were disregarded. Most of the eggs were weighed on a chainomatic 
balance and the weights were recorded to one one-hundredth gram. 


Tables 1, 2, 3, 4, and 5 show the number and the mean weight 
of the eggs laid by each bird. These tables are summarized and 
combined in Tables 6, 7, 8, and 9. 


FACTORS AFFECTING EGG WEIGHT 
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TABLE 3.—Number and Weight of Eggs; Flock C, Well Fed While 
Young. 


FIRST YEAR SECOND YEAR 
Band No. | Number of Mean Weight Number of Mean Weight 
of Bird Eggs Laid of Eggs Eggs Laid of Eggs 
401 148 48.28+.24 143 53.98.15 
402 149 BY AT game 162 59.52.16 
403 123 53.02+.25 155 60.07+.15 
404 111 5#:20-.22 148 56.40+.15 
406 108 49.55.21 145 53.23 2.138 
407 125 50.54.22 153 57.438+.13 
409 156 52.70+.30 33 60.73.18 
411 108 5737.30 151 57.24+.14 
415 134 45 Tose 17 129 51.47+.15 
419 150 50.16+.14 156 54.58.15 
420 155 52.93+.18 ee 57.58+.15 
421 150 28 LQ=E As 154 52.05+.10 
422 82 52.26.24 89 56.30+.19 
424 203 HIS B83 ie 58.98+.13 
428 124 52.53+.17 nae 59.62+.16 
431 133 51.51==.20 152 56.92+.13 
432 145 eapiietoolay 158 60.84+.18 
434 147 503 0s=.14 114 53.80+.16 
435 208 52.94+.19 179 57.54+.12 


TABLE 4.—Number and Mean Weight of Eggs; Flock D, Poorly 
Fed While Young. 


FIRST YEAR SECOND YEAR 
Band No. | Number of Mean Weight | Number of Mean Weight 
of Bird | Eggs Laid of Eggs Eggs Laid of Eggs 
405 97 50.74.26 132 56.79+.20 
408 E35 46.69.25 120 51.75=..23 
410 136 58.85+.20 139 64.40+.20 
413 107 49.54+.28 84 54.14+.15 
416 112 50.54+.16 159 53.30.12 
418 140 48.65.15 164 55.09.11 
423 125 49. 82+ .23 124 53.22+.15 
425 LTT 50.21+.19 109 54.84+.23 
426 119 48.69.20 182 Basse 2, 
427 168 48.76+.16 168 52.79.12 
429 79 52.09+.16 144 55.381+.14 
436 158 HOO baa 7 214 52.34+.15 
437 125 Hial6se27 129 53.88+.18 
438 140 50.76.18 i120 54.44+.12 
439 186 50.73+.14 141 55.44+.13 
440 112 50.84.21 2a 55.33.21 
441 119 47.25.19 158 50.80+.13 
442 120 52.88+.21 TENS 58.26+.17 
443 60 47.43.40 139 48.76.18 
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TABLE 5.—Flocks E and F; Pullet Year; Flock E, Well Fed While 
Young; Flock F, Poorly Fed while Young. 


Band No. 
of Bird 


500 
501 
502 
503 
504 
506 
507 
508 
510 
511 
512 
515 
514 
515 
516 
517 
518 
519 
520 
521 
522 
523 
524 
525 
526 
527 
528 
529 
530 
532 
533 
534 
535 
536 
537 
538 
539 
540 
541 
542 
543 
544 
545 
546 
547 
548 
549 


FLOCK E 
Number of] Mean Weight 
Eggs Laid of Eggs 

150 51.52+.14 
129 50.48+.17 
148 ile Sea hal 
134 54 22sE 19 
174 532d s= 116 
188 54.45+.18 
180 52.74.14 
98 54.76+.20 
118 52.68+.19 
147 52.83 a5 .10 
99 49.94+,22 
158 48.37+.15 
186 50 tesse7 
166 52.35.14 
132 50.63+.11 
167 53.73 2:.17 
138 54.02+.15 
193 48.81+.11 
183 50.06+.1+4 
167 S0DTEAS 
176 49.06+.10 
172) 53.70=:.18 
165 54.4384.17 
108 52.53+.14 
174 51.10+.15 
182 50.47+.18 
152 56.39+.14 
189 SAO S 
186 48.41+.13 
137 4749-621 
121 53.34--.13 
159 MLS Hse 517 
182 51.925=-116 
171 50.42.13 
143 55.43 +.16 
160 53.862+.22 
139 49.02+.21 
164 50.68.22 
148 52.18-+.12 
160 50.49.18 
178 52.11+.14 
115 48.34+.26 
157 53.76+.14 
174 50.54.10 
149 48.50+.20 
165 DIET OSE a5 
155 Deiat 


Band No. 


of Bird 


550 
551 
552 
553 
554 
555 
557 
558 
5d9 
560 
561 
562 
563 
565 
566 
567 
568 
569 
570 
571 
572 
573 
574 
575 
576 
577 
578 
579 
580 
581 
582 
584 
585 
586 
587 
588 
589 
590 
591 
592 
593 
594 
595 
596 


FEOCGCK SS 
Number of |Mean Weight 
Eggs Laid of Eggs 

170 49.72+.20 
139 55.47+.17 
160 52.92=-.15 
138 54.15 +.16 
va) 51.46+.12 
149 52.65+.20 
113 53.22.17 
185 49.10+.12 
181 ile ae ai 
145 53.9922:18 
153 54.17+.12 
127 52.48+.12 
172 53.3226.15 
174 57.63.14 
153 54.66.17 
70 45.13.35 
200 53.68.12 
140 55.99.16 
145 52.99+.10 
151 46.42+.11 
132 54.84+.14 
101 47.90+.25 
107 57.08+.16 
141 55.38.13 
121 49.42+.15 
145 52.80+.18 
154 48.62+.18 
160 50.31+.18 
125 51.50+.14 
142 46.54+.15 
76 50.49+.25 
145 48.41+.14 
123 53.76.18 
176 49.49+.16 
146 55.21.17 
130 §1.25+.18 
155 50.49.14 
147 50.49+.16 
165 50.42.15 
126 52.77+.19 
105 47.28.16 
183 45.73.11 
121 51.80.15 
137 56.12.16 
179 50.56.16 
109 48.75+.19 
53 50.46.28 
40 


57.40+.33 
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The number and the mean weight of the eggs laid by the birds 
in flocks A and B for the first two years and by the birds in flocks C 
and D for the pullet year have already been considered in Bulletin 179 
of this station. For the purpose of presenting a comprehensive 
survey of the experiment these data are included and the results are 
here discussed as a whole. 


Number of Eggs Laid 

Tables 1 to 9 record only the eggs gathered from the trap nests. 
Double-yolked eggs and those abnormally small have been disregard- 
ed. The actual number of eggs laid by these fowls was between 2 
and 3 per cent greater than is shown in the tables, but it is believed 
that this source of error would have little or no effect upon the mean 
egg weights or upon the standard deviation as shown in Tables 6, 7, 
8, and 9. 

During the pullet year the egg production varied from a mini- 
mum of 40 eggs laid by bird No. 600 to 208 eggs laid by bird No. 435. 

The mean egg production for the pullet year of the birds which 
were well fed while young was 150.12+2.00 while their poorly fed 
sisters laid only 131.00+2.47 eggs or a difference of roughly one and 
one-half dozen eggs per bird. In this connection it should be re- 
membered that after laying began all these birds were fed and handled 
in exactly the same way. After the first year there was practically 
no significant difference in the egg production of the two lots of 
sisters. } 

Weight of Eggs 

In the pullets the mean egg weight varied from a minimum of 
42.27+.18 grams (bird 304) to a maximum of 58.85+.20 grams (bird 
410) thus giving a difference of 16.58+.27 grams. This difference in 
mean egg weight is so large that five of the eggs laid by bird 410 
would weigh practically the same as seven laid by 304. This is an 
illustration of the desirability, if not the necessity of selecting and 
breeding for greater uniformity in egg weight. 

Of the 177 fowls there were only seven, Nos. 306, 410, 528, 565, 
574, 596, and 600 whose pullet eggs averaged 56 grams or more, and 
as it is desirable to produce a two-ounce egg selection should be 
exercised in this strain to increase the mean egg weight. This should 
not be difficult to accomplish as Atwood (1925) has shown that there 
is a positive correlation between mean egg weight and mean body 
weight, hence by disposing of the smaller pullets each fall the egg 
size would be gradually increased even though no effort were made 
to breed from the birds laying the larger eggs. 
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After the first year the eggs were practically of standard weight 
although those laid by flocks B and D during the second year were 
a trifle too small. 

The mean weight of the pullet eggs laid in this experiment was 
=1.17+.13 grams; for the second year, 55.62.23 grams, and 56.4130 
grams for the third year of production. The increase in the weight 
of the eggs the second year as compared with the first was 4.45= 26 
erams; and the increase for the third year as compared with the 
second was .79+.38 grams. It is evident, therefore, that the eggs 
attained almost their full weight during the second year of produc- 
tion. Apparently, the different rations fed the growing chickens had 
no effect upon the weight of the eggs laid. 


Standard Deviation in Number and Weight of Eggs 

The standard deviation in the number of eggs laid was largest 
during the pullet year. Comparing the deviations in number of 
eggs laid by flocks A, C, and E with the deviations for flocks B, 
D, and F it is seen that these deviations average larger for the latter 
fiocks. In other words, the poor ration fed to the females in flocks 
B, D, and F seems to have increased variability in respect to the num- 
ber of eggs laid. 

Similarly, too, the standard deviation in the mean annual weight 
of the eggs was greater in the case of flocks B, D, and F indicating 
that the poor ration fed to these fowls while young caused them to 
become somewhat more variable in respect to their mean annual 
egg weight. 

The standard deviation in the weight of the eggs was largest 
during the pullet year. No significant difference can be observed in 
the standard deviation in the weight of the eggs resulting from the 
rations fed the growing chickens. 

The mean standard deviation in the weight of White Leghorn 
eggs, based on 303 annual records of production, namely, 177 annual 
pullet records, 82 annual yearling hen records, and 44 two-year-old 
hen records, was 2.97+.03 grams, with a maximum deviation of 
6.14.24 grams and a minimum deviation of 1.52+.09 grams or a 
variation about four times as great as the minimum deviation. 

The mean weight of all of the eggs laid in this experiment based 
on the means derived from the 303 annual records was 53.14.14 
grams, and the standard deviation of the 303 mean annual egg weights 
was 3.68+£.10 grams. : . 

An inspection of the tables show iation i 
annual egg weights for the various dees Soe ne 
the deviation in the weight of the individual eo a Sica 

ggs laid by them. 


April, 1926] FACTORS AFFECTING EGG WEIGHT 15 


Uniformity of Mean Egg Weight in Individual Birds 


Although the weight of the eggs laid by the same bird fluctuates 
from day to day and from month to month yet each individual has a 
characteristic egg weight that remains fairly uniform except that it 
increases with the age of the bird, and especially during the pullet 
year. Table 10 shows the correlation between the mean egg weight 
for the pullet year and the mean egg weight for the second year of 
production based, on the 82 records which are complete for the two 
years. Table 11 presents the data for the 44 fowls whose records were 
complete for the three years. 


TABLE 10.—Scatter Diagram of Mean Egg Weights of 82 Fowls for 
the Pullet Year and the Second Year of Production. 


Flocks | pice AGB. C.D; Veariiige arene. 

A,B GrD tig fig [og fag fre fos [9 fag [ap [re fre fre [29 fre [ag [9 [9 |S 

esc. Sees asaace ae seEL 
42.5 1 1 
43.5 | 
44.5 | 
45.5 1 1 
46.5 1 aot 4 
47.5 1 1 i ee ee | | 3 
48.5 1/3/3/1/2 10 
49.5 7 i ala 13 
50.5 ae ale ale Saeed | alr 
51.5 | fo Wel Sale Sahat | 10 
52.5 | vg fas Wag | 1 | 313 | 16 
53.5 | | j{i]i 2 5 
54.5 
55.5 
56.5 
B75. | 1 1 
58.5 [1]; 1 

| | Veale. tives! | 
Total | 2 r}afa{e [rojas SUGubtI be es) Cale einai lee ll) 82 


r= +.86+.02 
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TABLE 11.—Scatter Diagram of Mean Egg Weights of 44 Fowls for 
the Second and Third Years of Production. 


Fanety 4 Flocks A and B Third Year—Grams 
veo 2/|2lslel2|slelslalslelaigisls 
Grams rea esas Ya pa po Pe I VIN 9 | 
48.5 1 1 
49.5 1 | 1 
50.5 
51.5 1a 2 
52.5 1 1} 1) 3 
53.5 2 1 | 3 
54.5 | 215 | 7 
ae 2 2}1 5 
56.5 ne Weiclee 5 
57.5 2)2)3 7 
58.5 i) ® 3 
59.5 1}3) 4 | i 
60.5 z _ A 
61.5 
62.5 
63.5 
64.5 ey | ye 
Total 2/1) 4 | 6|6 | 6/4/1716 | 1 | 1 |} 44 


r = +.95+.01 


The coefficient of correlation between the mean annual weight 
of the eggs laid during the first and second years by the 82 oon 
with a record for two years was +.86+.02; and for the ee Bee 
third years for the 44 fowls that had a record for three years w 
+,95+.01. This shows a very high correlation of the mean Rees 
egg weight from one year to another, and it may be stated that ne 
average size of the eggs laid by a hen is a very fixed, definite sn 
persistent characteristic. On the other hand the pogioiene of ance: 
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lation between the standard deviations in the weight of the eggs of 
the same fowls for the first and second years was +.21+.07 and for 
the second and third years was +.44+.08. In other words the stand- 
ard deviation in egg weight for any female is a less permanent or 
persistent character than is the mean egg weight. 


THE INFLUENCE OF DIFFERENT RATIONS ON EGG 
WEIGHT 


In order to determine whether the character of the ration fed to 
laying hens has any appreciable influence on the weight of the eggs 
laid, and whether the ration that will produce the largest number 
of eggs will produce eggs of greatest average weight the experiment 


herein described has been carried out. 


This experiment was started November 1, 1923, with six pens of 
Single Comb White Leghorn pullets hatched May 9, 1923. Each pen 


contained sixteen birds and the pens were numbered 4 to 9, inclusive. 


During November and December scratch feed and laying mash 
were fed to all pens alike but during the next four months or until 
May 1, pens 4, 6, and 7 received whole grain only, the laying mash 
being withheld. After May 1 all six pens were fed alike, laying mash 
being provided in hoppers and scratch grain fed in straw litter. The 
scratch feed consisted of 2 parts corn, 2 parts wheat, and 1 part oats. 
The mash consisted either of Full-o-pep laying mash or a mixture 
of 2 parts corn meal and 1 part each of wheat bran, red dog, and 
meat scrap. 

Table 12 gives the number and mean weight of eggs laid by each 


pen during the first year of the test. 
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The unweighted mean weight of the eggs laid by pens 4, 6, and 7 
for the months of March and April was 48.35 grams, while the un- 
weighted mean weight of the eggs laid by the other pens was 55.17 
grams, or a difference in weight due to feeding the unbalanced ration 
of 6.81 grams or slightly more than 12 per cent. During the next 
two months when pens 4, 6, and 7 were fed mash the mean weight of 
the eggs increased 3.81 grams while the eggs from pens 5, 8, and 9 
decreased 1.52 grams. This decrease in weight, however, was en- 
tirely normal and to be expected as eggs usually are smaller during 
the summer months. 

Withholding the mash from pens 4, 6, and 7 until after May 1 
had the effect of holding up the average egg weight after May 1 when 
under normal feeding it would have fallen. As the heavy egg pro- 
duces the heavy chick this procedure may be of practical importance 
whenever it is desirable to produce eggs for hatching late in the 
season. 


Second Year of Test 


The experiment was continued during the second year with the 
same fowls and on the same plan except that pens 5, 8, and 9 were 
the ones which received no mash during January, February, March 
and April. Table 13 shows the number and mean weight of the eggs 
by months. 

The results for the second year are in entire agreement with 
those obtained during the first year, in that the feeding of the ration 
consisting of whole grain reduced the number and mean weight of 
the eggs. Later in the season when mash was fed the weight of the 
eggs laid by these fowls increased while the weight of the eggs laid 
by the comparative lots decreased. It is consequently evident that 
the size of the eggs depends to a certain extent upon the character of 
the ration provided for the layers. 
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A COMPARISON OF THE WEIGHTS OF THE EGGS IN A 
CYCLE, WITH REFERENCE TO NUMERICAL 
PRODUCTION 


When a bird lays without interruption for two or more days in 
succession and then ceases to lay for one or more days, the eggs 
thus laid in succession are termed a cycle. 

It has been pointed out by Curtis (1914) and also by Atwood 
and Weakley (1917) that as a rule the eggs in a cycle decrease in 
weight from the first egg toward the last egg of the series, the next 
cycle beginning with a heavy egg and so on. This general rule is 
illustrated by Table 14 which gives the date of laying and the weight 
of the eggs laid by Bird 322 for May, 1923. 


TABLE 14.—Record of Eggs Laid by Bird No. 322 for May, 1923. 


i 


Day of Weight of Day of Weight of Day of Weight of 
Month Egg in Grams} Month Egg in Grams} Month Egg in Grams 
a 61.28 11 56.85 21 57.42 
2 59.16 12 5135 22 56.92 
3 57.34 13 58.52 23 55.68 
4 57.42 14 none 24 none 
5 54.37 15 61.71 25 59.10 
6 59.97 16 HINES 26 Byfletial 
7 57.78 17 59.60 27 55.68 
8 58.78 18 60.13 28 56.45 
9 none iy none 29 none 
10 61.93 20 59.02 30 60.66 
31 58.50 


It is to be observed that there is not a perfectly regular decrease 
in egg weight from day to day. In the first cycle the egg laid on 
May 6 was heavier than the egg laid May 2, and there were only three 
eggs which were larger than the last egg of the cycle. In the next 
cycle the eggs laid on the 12 and 13 were each heavier than the egg 
laid on the 11. In the cycle beginning May 20, each egg in the series 
is smaller than the egg which immediately precedes it, thus agreeing 
with the general rule, but the decrease in weight varies considerably 
being 1.60, .50, and 1.24 grams per egg. It is therefore evident that 
in these cycles there is no great amount of regularity in the decrease 
in egg weight from day to day. In fact, other instances could be 
easily cited in which the egg weight is much more variable than in 
the case given. Nevertheless, when a sufficiently large number of 
records is examined, the truth of the general law that there is a pro- 
gressive decrease in the weight of the eggs in a cycle becomes clearly 


evident. 
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In Table 14 there are six cycles. The average decrease in the 
weight of the eggs in a cycle may be calculated from the formula 
A=Lin which “A” represents the weight of the first egg of the 
N—1 


series “L” the weight of the last egg and “N” the number of eggs. 
For example, in the first cycle, the mean decrease is .357 grams. 
The mean decrease for a number of cycles may be calculated by the 


formula 2 . Making the necessary calculations for the six 
- Ae 15.64 
cycles in Table 14 one finds . (Aa = 1558 or a mean decrease 


of .782 grams per egg. 


Fowls Employed 


The fowls whose eggs were used in this work were single comb 
White Leghorns. They were in flocks A, B, C, D, E, and F, to which 
reference has already been made in this bulletin. For the purposes 
of this study they may be considered as a random sample of White 
Leghorns. 


Table 15 gives the number of birds whose records are included 
for each month; the mean decrease in the weight of the eggs in the 
cycles; the mean number of eggs laid per month; and the coefficient 
of correlation between the mean decrease per egg and the number of 
eggs laid per month for the birds in flocks A and B during their third 
laying year. 


Table 15 shows that the mean decrease in the weight of the 
eggs in the cycles ranged from a maximum of 2.828 grams in October 
to a minimum of 1.430 grams in May. 


The coefficients of correlation with the exception of that for 
February, are all negative and they are significant for the months 
of June, August, September, and October. On account of the fact 
that in October there were only six hens with enough cycles so that 
their records could be used, too much stress should not be laid on 
the relatively high correlation for that month. 


The coefficients of correlation indicate that the greater the rate 
of egg production, the smaller is the decrease in the weight of the 
eggs in the cycles. 


Table 16 derived from Table 15 shows the mean decrease in the 
weight of the eggs in the cycles, the mean number of eggs produced 
each month and the percentage daily egg production per month for 
flocks A and B during their third laying season. 
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TABLE 16—Mean Decrease in Weight of Eggs in Cycles, Mean 
Number of Eggs per Month, and Percentage Daily 
Production per Month for Flocks A and B during 
Third Laying Season. 


Mean Decrease Mean Number of 
in Weight of Eggs Laid per Per Cent Daily* 
Months Eggs in Cycles; Bird per Month Production 
Grams 
February 2.56 8.87 Bilan 
March 2.11 18.80 60.6 
April 1.45 20.43 68.1 
May 1.43 20.73 66.9 
June 1.63 18.46 61.5 
July 1.45 20.32 | 65.5 
August 1.87 19.16 61.8 
September 2.22, 14.96 49.9 
October 2.83 14.16 45.7 


*Obtained by dividing the mean number of eggs laid per month, by the number of 
days in that month, and then multiplying the quotient by 100. 

The unweighted mean decrease in the weight of the eggs during 
the nine months was 1.950 grams. The correlation between the de- 
crease in weight and the per cent daily egg production was, 
r= —.873+.053. Consequently, it is plainly evident that there is 
a relatively high degree of relationship between the decrease in the 
weight of the eggs in the cycles and the rate of production. 


Table 17 gives the results of other correlations that have been 


calculated between the decrease in egg weight and the annual pro- 
duction. 


The unweighted mean decrease in the weight of the eggs laid by 
the fowls whose record is shown in Table 17 was 1.11871 grams. 
This is a smaller decrease in the weight of the eggs in cycles than 
is shown in Table 15 with three year old hens, and inasmuch as the 
yearling hens in Table 17 show a greater decrease than the same 
birds when pullets, it appears probable that the extent of the de- 
crease in the egg weight becomes greater as the fowls grow older. 
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TABLE 17.—Correlations Between Decrease in Weight and Annual 


Production. 

Re Pe ioscaies. | renee pean rgareter 
Flocks | of “nine rewie. | hb dae Wee ae of ene Decrease 

a cae mes 

46 Pullets eee 1.00087 155.891 |—.156-+.097 

45 ‘Pullets Apr. May, Tune 1.06622 142.933 —.059+.100 
cD 38 ‘Pullets Apr., May, June 1.06500 | 134.184 —.365+.095 
AB | 42 Pullets May, June 1.14286 135.283 |—.485-+.079 
AB 43 ‘Yearling Apr., May, June 1.31860 | 150.442 (+.035+.103 


In Table 17 four of the five coefficients of correlation are nega- 
tive. Two of the coefficients are significant and these results con- 
sidered in connection with those given in Tables 15 and 16 indicate 
that the better the production the smaller is the decrease in the 
weight of the eggs in the cycles. This general principle is probably 
based on the physiological processes of the birds, and may represent 
a certain degree of fatigue or exhaustion of the reproductive organs 
when called upon to produce material for the daily egg. From these 
results it would appear that if the egg producing organs are easily 
fatigued so that there is a decided drop in the amount of egg sub- 
stance produced from day to day, then the number of eggs laid will 
be at a low ebb. 

TABLE 18.—Weight of Eggs Laid During May, 1923, by Bird 587. 
in Her Pullet Year. 


Day of Egg Day of Egg Day of Egg 
Month Weight Month Weight | Month Weight 
al 46.26 jal none 21 56.50 
2 none 12 55.45 22 55.89 
3 51.50 13 56.03 23 none 
4 52.67 14 none 24 none 
5 none a8) 54.68 25 none 
6 Boma 16 54.93 26 none 
7 54.64 in7e none 27 none 
8 none 18 54.59 | 28 none 
$) 55.80 19 none 29 none 
10 55.82 20 none 30 none 
31 none 


With some birds the egg weight fluctuates in an unaccountable 
manner. Table 18 presents a case in which there are six two-egg 
cycles. In every instance except the last the second egg is heavier 


than the first. 
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Table 19 also presents a record in which the egg weights fluc- 
tuate widely. 


TABLE 19.—Weight of Eggs Laid by Bird 567 During April, 1923. 


Day of Egg | Day of Weight | Day of Egg 
Month Weight Month Egg | Month Weight 
al 43.98 | ial 50.78 Al 52.21 
2 none 12 38.92 22 46.39 
3 none 13 41.81 23 40.94 
4 none 14 42.96 24 none 
5 47.46 es 39.34 25 51.08 
6 none 16 47.30 26 none 
rt 47.97 17 none 27 39.81 
8 52.40 18 40.34 28 45.28 
9 49.18 19 48.93 29 47.68 
10 none 20 none 30 46.70 


The weight of the eggs as shown in Table 19 is even more varia- 
ble than those shown in Table 18. What causes these fluctuations? 
This question opens an attractive field for the study of the influence 
upon egg weight of various environmental factors, each of which may 
have an influence upon the weight as well as upon the number of 
eggs. If the way can be pointed out for a more uniform production of 
egg substance from day to day this should pave the way for higher 
egg records. 

The results of this investigation indicate that the smaller the 
mean daily decrease in the weight of the eggs in the cycle the greater 
is the rate of egg production, also that the weight of the eggs in the 
cycle varies widely with many individuals and further study is needed 
to determine the reason for these fluctuations. 


THE RESEMBLANCE OF SISTERS IN RESPECT TO THE 
MEAN WEIGHT OF THEIR EGGS 


In breeding poultry for the production of eggs of more uniform 
size, it is important to know whether the mere selection of dams that 
lay eggs of the proper size will tend toward the production of progeny 
having the desired characteristics. In other words, do full sisters 
resemble each other more closely in respect to the size of their eggs 
than do the unrelated females of the same flock. 


Source of Data Used 
The mean annual weight of eggs laid during the pullet year by 
177 White Leghorns is reported in Tables 1 to 5, inclusive, to which 
reference is here made for details regarding these fowls. The sires 
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of the birds in flock AB were nine not closely related males of un- 
known ancestry and about the same number of not closely related 
males were used in the production of flocks CD and EF. 

Table 20 is inserted to show the method of analyzing the data 
and gives the record for flock CD for the pullet year. 


TABLE 20.—Comparison of Birds in Flock CD Arranged in Fami- 
lies of Sisters. 


c°>) fe)) 
ub ue 
=) o 6 £ o 5 o 2 o 
Sisters es Ot o 2 D Ee Ws ot 3 ® 
cD | Loo cen 32 a) Lo pe 
Meee es live se| ge | se o's ao 8 
SS <35 And | x£H = 3 <3 Aan< 
403 53.0 | 1.10 439 | 50.7 10 
440 50.8 See 1.10 407 50.5 50.60 "10 
411 52.4 1.85 435 52.9 95 
426 48.7 Ae 1.85 436 51.0 eo ome ede 
434 ies 10 403 | 53.0 ae tas 
428 52.5 230 | 422 52.3 10 
439 50.7 50.20 ‘50 409 | 52.7 52.20 50 
441 47.3 2.90 438 50.8 1140 
Hi ase. | oof 419 50.2 ao aa 
402 52.5 2.30 408 : 3.67 
404 51.2 50.20 1.00 424 | 51.8 50.37 143 
427 48.8 1.40 432 52.8 | bas 
424 aod eo 1.55 413 49.5 1.70 
418 | 48.7 50.25 1.55 442 52.9 51.20 170 
435 52.9 | 110 | 431 | 515 1.40 
405 50.7 B180 1.10 Aisne AST Ue 1.40 
406. | 49.6 107. | 405 | 50.7 337 
420 | 52.9 50.67 2.28 406 | 49.6 53.07 3.47 
413. | 49.5 1.17 410 58.9 5.83 
415 45.8 2.23 416 50.5 80 
437 51.2 48.13 3.07 443 47.4 49.70 2.30 
443 47.4 73 404 51.2 1.50 
407 50.5 7 420 | 415 45.8 2.50 
410 | 58.9 Fe 4.20 440 50.8 48.30 2.50 
409 52.7 2.15 426 | 48.7 1.25 
421 | 48.1 2.45 401 | 48.2 1.65 
432 52.7 2.15 423 9. 
licen wices ous 2.35 434 50.3 49.95 35 
408 46.7 3.85 425 50.2 25 
425 50.2 35 411 52.4 2.45 
431 51.5 73 429 52.1 1.90 
423 | 49.8 50.77 ‘97 437 51.2 50.20 1.00 
436 | 51.0 23 441 47.3 2.90 
422 on 90 402 52.5 20 
416 | 50.5 bray 90 202 oie fe 20 
419 50.2 33° «| 421 48.1 70 
438 50.8 51.03 23 | = 427 48.8 49.80 1.00 
429 52.1 1.07 | 428 | 52.5 270 
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In Table 20 the birds in flock CD are arranged in families as 
shown in the first column. For example birds 403 and 440 were 
sisters, and so on. The second column shows the mean annual egg 
weights for the pullet year for each bird; column three gives the 
average of the mean egg weights for each family; column four shows 
the departure or variation in the mean egg weight for each bird from 
the average for the family; column five shows the birds arranged at 
random in groups of similar size to the families shown in column 
one, and columns six, seven, and eight correspond respectively tu 
columns two, three, and four. 

Table 21 shows the mean departure in egg weight of the birds 
from the average egg weight of the families to which they belong 
together with the standard deviation of these departures calculated 
for flocksvAB, CD, and EF. 


TABLE 21.—The Mean Departure and Standard Deviation in Egg 
Weight of Sisters, Compared with the Results from 
“Families” Consisting of Individuals Chosen at Ran- 


dom. 
j Flock Flock Flock 
Items Considered AB cD EF 
Number of birds 44 38 91 
Number of families 14 13 29 
Mean departure of sisters from average 
for the family 1.51+.12 1.63+.11 1.65+.08 
Mean departure of “random sample” te 
from average “for the family” AG ize. 3 estas 1.66+.09 
Standard deviation of departures for 
sisters 1.20+.08 1.04.08 1.18+.06 
Standard deviation of departures for Sy 
random sample 1.31.09 1,21.09 1.29.06 


There was no significant difference in the variability of the 
sisters in the same family as contrasted with each other, as com- 
pared with the variability of individuals chosen at random and 
thrown into similar “families”. The data apparently justifies the 
conclusion that in order to obtain daughters having a reasonably 
uniform egg weight the mere selection of dams having the desired 
egg weight will not be sufficient for the purpose. 
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GENERAL SUMMARY 


1. The birds whose individual records have been considered dif- 
fered widely not only in respect to the number of eggs laid, but also 
in respect to the mean weight or average size of their eggs. The 
number cf eggs laid in one year varied from 40 to 214, and the mean 
annual egg weight varied from 42.27+.18 grams to 64.65-+.17 grams. 


2. The rations which brought about a slow growth in the birds 
in flocks B, D, and F had the effect of reducing the number of eggs 
laid by these birds, particularly during the pullet year, but did not 
affect the size of the eggs. 


3. The rations supplied to the birds in flocks B, D, and F while 
the birds were young seemed to have the effect of increasing varia- 
bility, both in respect to the number of eggs laid and their weighi. 


4. The mean standard deviation in the weight of the White Leg- 
horn eggs considered in this study was approximately 3 grams and 
varied from a minimum of 1.52+.09 grams to a maximum of 6.14+.24 
grams. 


5. The eggs attained almost their full weight during the second 
laying seascn. The increased weight for the second year as compared 
with the weight for the pullet year was approximately 9 per cent. 


6. The average size of the eggs laid by a bird is a fixed definite 
and persistant characteristic. 


7. The size of eggs depends, in part at least, upon the character 
of the ration fed. A ration consisting of whole grain only fed in 
winter reduced the weight of the eggs about 12 per cent. 


8. As a rule, the greater the productive capacity of a bird, the 
smaller is the average decrease in the weight of the eggs which are 
laid on consecutive days. 


9. During the period of maximum production, the decrease in 
the weight of the eggs laid on consecutive days is at a minimum. 


10. With many birds, egg weight fluctuates from day to day in 
an unaccountable manner and further study of the reasons for these 


fluctuations is desirable. 
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Correlated Inheritance of Quantative and 
Qualitative Characters In Oats* 


The inheritance of quantitative characters, while of much inter- 
est Irom a practical as well as a scientific standpoint, has not been 
studied as extensively as that of qualitative characters. It is well 
known, however, that size characters are often very complex in 
their mode of inheritance, and frequently environment may cause 
reactions completely covering the effects of heredity. Because of 
this apparent complexity of inheritance, some geneticists formerly 
held that the laws formulated by Mendel did not hold for size char- 
acters. It is realized now that, as a rule, most, if not all, normal 
characters are the result of the interaction of many factors plus en- 
vironment. East, Hayes, Emerson, and others, have furnished much 
evidence which proves that the inheritance of quantitative and quali- 
tative characters can be explained on the same genetic basis. 


LITERATURE REVIEW 


General Methods Used in the Study of Inheritance of 
Quantitative Characters 


The studies of the inheritance of size characters have been con- 
ducted in such a way as to determine whether certain mathematical 
requirements, as outlined by East (1916), were fulfilled. These re- 
quirements are, briefly, as follows: 

1.—Crosses between homozygous individuals should give F, 
populations comparable to the parental races in uniformity. 

2.—If the parents were homozygous, F, frequency distributions 
arising from extreme variants of the F, population should be identi- 
cal, since the variation in F, should be due to environmental con- 


ditions. 
3.—The variability of the F, population should be much greater 
than that of the F, population. 


*The manuscript of this bulletin, with slight modifications, was presented to the Grad- 
uate Faculty, University of Minnesota, in partial fulfillment of the requirements for the 
degree of Master of Science in June, 1925. The writer takes this opportunity to acknowl- 
edge the aid of various people in the preparation of this paper. Dr. H. K. Hayes, Professor 
of Plant Breeding, University of Minnesota, under whose direction the manuscript was pre- 
pared, gave valuable criticism and advice in the analysis of the data and the manner of 
presentation. Dr. R. J. Garber, Head of the Department of Agronomy, University of West 
Virginia, gave helpful advice in outlining the experiment, and in taking the data. Dr. Fred 
Griffee, Assistant Professor of Plant Breeding, University of Minnesota, made helpful 
suggestions as to the presentation of the data. Julia P. Quisenberry gave very efficient as- 
sistance in collecting and preparing the data. j ae 

The investigation reported in this bulletin was carried on at the West Virginia Agri- 
cultural Experiment Station as a part of a project on oat breeding. At the time this 
work was done and this manuscript prepared the author was Junior Agronomist in the 
Department of Agronomy, which position he resigned August 1, 1925. 
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4—If enough F, individuals are grown, the grand-parental types 
should be recovered. 

5.—In certain cases, individuals should be produced in F,, show- 
ing a more extreme deviation than is found in either grand-parent. 

6.—Individuals from different points on the frequency curve of 
the F, population should give F, populations differing markedly in 
their modes and means. 

7.—Individuals either from the same or from different points on 
the frequency curve of an F, population should give F, populations 
of diverse variabilities extending from that of the original parents 
to that of the F, generation. 

8.—In generations following the F,, the variability of any family 
may be less, but never greater than the variability of the population 
from which it came. 

Not all of these points are met in every cross studied, but they 
have been met many times in the studies made by various plant and 
animal geneticists and the agreement between the results and the 
mathematical requirements has, as a rule, been satisfactory. 

The studies of linkage relations have furnished a _ valuable 
method of attack on the problem. By this method it is possible to 
study the factor or factors for size, if there be any present, in each 
known linkage group of a given plant. Such a method leads to a 
rather accurate determination as to the exact number of factors, or 
groups of factors, involved in certain size differences. 

Sax (1923), working with beans, studied the relation of size of 
seed to pigmentation of the seed and found that factors, or groups 
of factors, for seed weight were linked with factors for pigmentation 
and pattern of the seed coat. In a cross Svanhals with Lion barley, 
Griffee (1925), studied the relation of resistance to Helminthosporium 
satwum, and certain morphological characters. He concluded that 
resistance to this disease was controlled by at least three factors, or 
groups of factors, apparently linked with the factors determining the 
character pairs six-rowed versus two-rowed, black versus white 
glumes, and rough versus smooth awn. The linkage was not com- 
plete as resistance or susceptibility could be combined with any de- 
sired morphological character. Similarly, Lindstrom (1924) found 
that in tomatoes small size of fruit was linked with colorless skin. 


Quantitative Inheritance in Oats 


Quantitative characters in oats have not been studied very ex- 
tensively. Hayes and Garber (1921) have summarized the early 
work of Nilsson-Ehle. Two Avena sativa varieties differing in height 
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were crossed and transgressive segregation was obtained in F,. Seg- 
regation was of a complex nature. Other crosses were made involv- 
ing leaf breadth, kernel size, and number of florets to the spikelet. 
These crosses also gave transgressive segregation, and the results 
were explained on a multiple factor hypothesis, although the actual 
factors involuved could not be determined. Nilsson-Ehle obtained 
transgressive segregation for period of maturity in the F, of a cross 
between a medium early and a late maturing variety of oats. Pro- 
genies of 112 F, plants were continued in F,, of which 98 segregated 
and 14 were homozygous, some being earlier than the early parent, 
and others later than the late parent. 

Caporn (1918) crossed an early variety with a late maturing 
variety of oats. The F, and F, generations were not studied, but 
106 lines were continued in F,. Of the 106 lines continued two were 
considered to be as early as the early parent, although no lines were 
as late as the late parent. In twenty-two other lines, ripening 
extended over a period from the date of ripening of the early parent 
to that of the late parent. In some of these lines most of the plants 
ripened the first part of the period, in others the middle part, while 
in some lines the plants were mostly of late maturity. The remain- 
der of the lines were more or less intermediate as to time of ripen- 
ing. The results were explained on a three factor basis, the author 
suggesting that possibl’ the two early lines were homozygous for 
all three factors. 


MATE RIALS AND METHODS 


Description of Parents 


This paper presents the results of a cross between Victor 
(Avena sativa) and Sparrowbill (Avena sativa orientalis). The 
object being to study the mode of inheritance of length of the primary 
erain,* as well as any possible correlations of this character with 
other differential charac’2rs of the two parents. 

The following desc: tion of the parents is taken from Etheridge 
(1916). Only those characters of interest in the present study are 
included in the description. 

Victor.—‘Panicles long, broad, coarse, wide-spreading, lax, the 
branches usually drooping from middle outward; spikelets two- 
grained, three-grained spikelets seldom occuring. ..... grains black 


*Note: In all species of oats other than Avena nuda, the flowering glumes adhere 
firmly to the grain proper, or caryopsis. The studies reported in this paper have to do with 
the length and color of flowering glumes of the primary grain, but, instead of referring each 
time to “flowering” glumes, the word “grain” will be used to designate caryopsis enclosed 
in its flowering glumes. This terminology is similar to that used by Surface (1916-7). 
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to brownish black, very large and coarse, outer grains usually 18-22 
Tees OTS ReM nee awns usually present, strong, coarse, twisted, often 
slightly geniculate.” 

Sparrowbill.—‘“Panicles thickly branched and fruited, compact, 
stiff, but sometimes slightly drooping at the apex, the branches ap- 
pressedy ft. Bie spikelets two-grained, rarely three-grained, double 
rains very irequent, .. 220 . grains white, shading into pale yellow, 
outer grains remarkably short (12-15 mm.), plump, full,—awns want- 
ing or rare.” 

The characters studied and the manner in which they entered the 
cross are given herewith in tabular form: 


Victor Sparrowbill 
Grain long Grain short 
Grain black Grain white 
Grain awned Grain awnless 
Panicle open Panicle side 


sp Se 
Shaan PTT 


Method of Growing Material 


The crosses were made in 1922, at the West Virginia Agriculutral 
Experiment Station. To obtain seed for the crossing plots, an in- 
dividual panicle was selected from a bundle of pure line material 
of each parent grown the previous year. All parental material grown 
in 1923 and 1924 traces back to these two original panicles. 

The crossed grains were planted in the greenhouse in the fall 
of 1922, the F, generation maturing in time for planting in the spring 
of 1923. The F, generation was grown in 1923, with some additional 
F, plants and a small amount of parental material. In 1924, the F, 
generation was grown, as well as F,, F,, and parental material. 


Sparrowbill and Victor Parents, and the F: of the Cross. 


Sparrowbill Has Short, White Grains, and is Awnless. Victor Has Long, 
Black Grains and is Awned. The Fi Generation Has Black Grains, is Nearly as 
Heavily Awned as Victor, and is Intermediate for Grain Length. 


July, 1926] INHERITANCE OF CHARACTERS IN OATS 9 


The method of planting was to space the grains every three 
inches in rows one foot apart. In 1923, twenty grains were planted 
per row, while, in 1924, the number was increased to twenty-five. 
At each end of the rows a stake was placed and outside of this stake 
three grains of the Victor parent were planted to give guard plants, 
in an attempt to reduce border effect. These border plants were 
pulled and discarded just before harvest. The F, lines were grown in 
plots consisting of two rows each; thus a total of fifty grains were 
planted. After each five plots of F, material, one plot of each parent 
was included, giving check plots at distantces of ten rows apart 
throughout the experiment. 

Germination was poorer than expected in 1924, due to very cool, 
damp weather immediately following planting; therefore, the number 
of plants per row was reduced and the distance between plants was 
not always the same. No correction was attempted to reduce this 
error, as all F, lines, parents and F, material grown in 1924, were 
subjected to the same environmental conditions, and all reacted ap- 
proximately the same. 

A large number of plants of each parent were grown on good 
and poor soil in 1923 and 1924, in order to study the effect of soil 
condition on length or grain. This material was handled in the same 
manner as described above for the hybrids and parents. 

In all calculations presented in this paper the method followed 
was to carry figures to one place further beyond the decimal point 
than is recorded in any of the tables. 


Technique of Sampling 

Preliminary to measuring the length of grain of the hybrids, some 
work was necessary to determine the correct size of sample to meas- 
ure from each plant or on a single panicle, due to the time required. 
Not only was it necessary to study the size, but also the manner of 
taking the sample. No work was done to determine the variation 
between panicles of the same plant, but, in all cases, the leading 
panicle of each plant was used. In all cases, the measurements taken 
were on the primary grain. 


Size of Sample 
To determine the size of sample needed to give an accurate meas- 
ure of the length of grain for a given plant, the following method 
was used. All the grains from the leading panicle of 117 Victor 
plants grown on good soil in 1923 were measured. The grains were 
removed from the panicle in an orderly manner from the base to 
the tip of the panicle. These grains were measured and the individual 
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lengths recorded in the same order in which they were removed from 
the panicle. 

Samples of five, ten, and fifteen measurements were selected 
from the data on each panicle, by taking measurements from all 
parts of the panicle. For example, if a panicle had thirty grains, the 
sample of five grains was selected by taking the measurement of 
the fourth, tenth, sixteenth, twenty-second, and twenty-eighth grains. 
In taking the different size samples, care was exercised so as not to 
use a given measurement more than once, unless absolutely neces- 
‘sary. The 117 means for a given size sample were placed in fre- 
-quency distributions, as shown in Table 25 of the appendix. A sum- 
mary of this data is given in Table 1. 


TABLE 1.—Statistical Constants for Different Size of Samples of 
Grains Measured on the Leading Panicle of Plants of 
Victor Oats Grown on Good Soil 1923. 


Number of Mean Length of Probable Error 
Gralns In Grain in Milli- Sianeatd Single Deter- 
Deviation ; : 
Sample meters mination 
5 17.82+0.05 0.860.04 0.58 
10 17.80+0.06 0.88+0.04 0.59 
15 17.79+0.08 0.84+0.04 0.56 
All Grains rai 00.5 0.82+0.04 0.55 


In no case is there a difference of practical importance in the 
‘means of the sample of five, ten, fifteen, or all of the grains on the 
panicle. Likewise, the standard deviations are of about the same 
value. These figures seem to show that, for this experiment, samples 
of five, ten, or fifteen grains have approximately as accurate a 
measure of length of grain as that obtained by measuring all the 
grains in the panicle. It was decided to measure a sample of ten 
grains from the main panicle of each plant. 

Variation of Length of Grain at Different Places on the Panicle.— 
For this study plants of the Victor parent grown on good soil were 
used. As stated previously, the grains from the panicles were remov- 
ed in order, the measurements also being recorded in order. To de- 
termine if there was any increase in length of grain in one part of 
the panicle over another, the measurements were grouped by fives 
from the base to the tip of the panicle, and the means determined 
for each of these groups. Panicles with approximately the same num- 
ber of grains were compared and the means for the average measure- 
ments of the first, second, third, etc., groups from the bottom wer§ 


<I 
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determined. These data are presented in Table 26 of the appendix. 
This table also gives the number of groups, the number of plants 
going to make up the mean, the approximate number of grains per 
panicle, and the mean length for the group with its probable error. 
The number of grains per panicle varied from fifteen to fifty; no 
panicles being included unless they contained at least fifteen grains. 
In all cases only full groups of five grains were considered. For 
example, if a panicle had twenty-eight grains, five groups were taken, 
the three grains at the tip being disregarded. 

The number of plants with different sized panicles ranged from 
nine with three groups of five grains each, to twenty-one with six 
and seven groups each. The probable errors of the means were de- 
termined by Bessel’s formula,* and all are of nearly the same value. 

In order to determine if there was a significant increase in length 
of grain as the tip of the panicle was approached considering all of 
the plants, comparisons were made between the first and mid group, 
mid and last group, and the first and last group. In this comparison 
Student’s method was used to calculate the probabilities. These 
calculations will be found in Table 2. The first column gives the 
number of groups per panicle; the other columns indicate the differ- 
ence in length between the first and mid group, mid and last, or 


TABLE 2.—Differences in Mean Length of Grains Between the 
First, Mid, and Last Groups on the Panicle. Probabili- 
ties Calculated According to Student’s Method. Victor 
Parent Grown on Good Ground 1923. 


Difference in Millimeters Between 
coh ae First Mid First 
Panicle and Mid and Last and Last 
Group Group Group 
3 +0.10 +1.00 +1.10 
4 +0.35 +0.65 +1.00 
5 +0.20 +0.80 +1.00 
6 +0.05 +1.05 +1.10 
7 +0.60 +0.60 +1.20 
8 +0.35 +0.95 +1.30 
9 +0.30 +0.60 +0.90 
10 +0.55 +0.15 +0.70 
| 
Mean Difference +0.31 +0.73 +1.04 
o of Dierence 0.18 0.28 0.17 
Value /of Z 1.72 2.61 6.12 


765:1 Significant Significant 
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first and last groups. In the panicles having an even number of 
groups, the figure for the mid group was the mean of the two mid 
groups. 

In all cases the differences are plus; in other words, the grains 
are longer nearer the top of the panicle. Comparing the mean dif- 
ferences, it is seen that there is greater increase between the mid 
and last groups than between the first and mid groups. Using Stu- 
dent’s method, the value of Z* was calculated. Referring to the 
tables prepared by Love (1924) for the Z values, the odds are 765:1 
against a difference as great as the one shown between the first and 
mid groups being due to chance. Between the mid and last groups, 
the chances are over 9,999:1 against as great a difference as the one 
shown being due to chance, while for the first and last group, the 
value of Z is more than two times that of the second case; therefore, 
the difference is certainly significant. 

Under the conditions of the experiment it is shown that there 
is a gradual increase in length of grain from the base to the tip of 
the panicle and that this increase is greater from the middle part to 
the tip than from the base to the middle. 

From these results it was decided to select the samples of 10 
grains at random from all parts of the panicle. 

Variability of Grain Length of Parents 

Influence of Soil Condition on Length of Grain.—In order to 
determine what effect, if any, the productivity of the soil has upon the 
length of grain, each parent was grown on good and poor soil in 
1923 and 1924. The plot designated as “good” was a productive 
piece of ground, on which previous crops had been. making very 
good growth. During the winter, a heavy application of manure 
was applied and, just before planting each spring, acid phosphate at 
the rate of 200 pounds per acre was added. The “poor” plot in 1923 
was on some very thin, rocky soil on which previous crops had been 
very poor. No manure or fertilizer was added. In 1924, the poor 
plot was in a location which seemed to be in a less productive con- 
dition than the plot used in 1923. 

In 1923, 240 grains were planted for each parent, while the number 
of plants harvested varied from 117 to 143. In 1924, 300 grains were 
planted and the number of plants harvested ranged from 206 to 232. 

As a check on the vigor of the plants the individual plant heights 
and yields were taken. These data are given in Table 3. 

Considering Table 3, it is apparent that the grain length of the 
Victor parent was little influenced by soil condition in 1923, the dif- 


Usa es 
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ference being only about twice the probable error. In 1924, the 
grain length of the Victor parent was 0.44+0.04 millimeters less on 
poor soil than on good soil. This difference is 11 times the probable 
error and the odds that a difference as great as this is not due to 
random sampling are very great. 


TABLE 3.—Comparison of Victor and Sparrowbill Parents Grown 
on Good and Poor Soil, 1923-1924. 


Length Yield per Height of 
Parent Soil Year of Grain Plant in Plant in 
in mm. gms. cm. 

Victor Good 1923 17.80+0.06 5.89+0.21 109.12+0.50 
Poor 17.96+0.05 4.07+0.10 93.44+0.40 
Victor Good 1924 17.14+0.03 3.970.09 109.03+0.32 
Poor 16.70+0.03 3.550.06 98.78+0.30 
Sparrow- Good 1923 113523 ==0.03 5.93+0.21 109.76+0.60 
bill Poor 13.37+0.02 2.830.10 86.76+0.51 
. Sparrow- Good 1924 215 == 0,02 4.47+0.09 112.68+0.33 
bill Poor 12.21+0.02 3.75+0.07 100.00+0.41 


For the Sparrowbill parent there was little difference on the 
two soil types in the results obtained for length of grain. The poor 
plot gave grains 0.14+£0.04 millimeters longer than the good plot. 
This difference is 3.5 times the probable error, the odds being about 
54:1 that a difference as great as this is not due to random sampling, 
although the actual increase in length is very small. In 1924, the 
difference in the results obtained on the two plots is very small and 
not significant. 

The data on height and yield of individuals are included for the 
purpose of giving an indication of the productivity of the two plots. 
The results obtained prove conclusively that there was considerable 
difference between the plots. From this it was concluded that length 
of grain, while showing some variability due to soil productivity, 
was not as greatly influenced as such characters as yield and height 
of plant. 

Variation of Grain Length of Parental Varieties in Check Plots.— 
It has been learned that soil conditions have some influence on length 
of grain. Tables 27 and 28, presented in the appendix, give the data 
on the various plots of each parent grown as check plots in 1924. 

A study of the means and their probable errors given in these 
two tables indicates that there are deviations between the various 
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plots of the same parents, which, in the light of their probable errors, 
are mathematically significant. 

To study the extent of soil heterogeneity of the plot on which 
the hybrids and parents were grown, several correlations were made. 
The parents were grown in adjacent plots and were distributed uni- 
formly throughout the experimental field at distances apart of ten 
rows. In each parent the average length of grain of the plants of 
the first plot and those of the second, the second with the third plot, 
etc., were correlated. For the Victor parent r= +0.376+0.112 and 
for Sparrowbill r = +0.374+0.114. The correlations are of nearly the 
same magnitude and are both slightly more than three times their 
probable errors. By reducing the means of the various plots of the 
parents to a percentage basis, it was possible to place the data of 
both parents in the same correlation table, thus doubling the number 
of individuals and reducing the probable error. By this method 
r = +0.377+0.079. By using the standard error of estimate* a cor- 
relation of this magnitude indicates that, for plots ten rows apart, 
soil heterogeneity affects total variability of length of grain 7.4 per 
cent. Since the parents were grown in paired plots, it was possible 
to correlate the grain length of the plants of one parent plot with 
that of the other. For such a comparison r = —0.134+0.110, indicat- 
ing no correlation. The fact that there is no correlation between 
grain length of one parent and the other in adjacent plots shows that 
the two varieties do not react the same to soil variations. 

In order to determine if the actual stand per plot must be 
considered, the number of plants per plot which survived was corre- 
lated with mean length of grain per plot. In Victor r= +0.105+0.111 
showing no significant correlation; while, for Sparrowbill, r= —0.573 
+0.076, showing that a reduced number of plants tend to allow an 
increase in length of grain. In both cases the number of variates 
entering these correlations are quite small, being only thirty-six 
individuals. It would seem that the number of plants per plot influ- 
ences the variability of length of grain in Sparrowbill about 18 per 
cent. This shows the desirability of having approximately the same 
number of plants in each plot. 


INHERITANCE OF CHARACTER DIFFERENCES 
Length of Grain 


A summary of the data for segregation of length of grain in the 
F, and F, generations of the cross Sparrowbill with Victor and re- 
ciprocal is given in Table 4. Included in this table are the data for 


* 100-x 1—)/ 1-7 
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the parental material grown in 1923 and 1924. All the plants of one 
parent grown the same year are placed in one frequency distribution. 
The number of parent plants grown in 1923 was rather small, 
due to lack of seed. It will be noticed from this table that the average 
length of grain of both parents was more than one millimeter shorter 
in 1924 than in 1923. There was a greater difference between the 
two parents in 1924 than in 1923 as the grain length of Sparrowbill 
was reduced more by environmental conditions than was Victor. 
The few F, plants grown were intermediate in grain length (see 
illustration on page 6), although they are nearer the Victor than 
the Sparrowbill. The coefficients of variability of the F, generation 


were about twice as large as for the parents. It will be noted that 
in no case was there transgressive segregation in F,. In 1923, plants 
with grains as short as Sparrowbill and others with grain as long 
as Victor were obtained (see illustration on page Y)!7In 1924, the 
upper limit was reached, while no plants were found with grains 
shorter than twelve millimeters, which is two millimeters longer than 
the shortest Sparrowbill grains obtained that year. As was the 
case with the parents, the mean length of grain of the F, plants was 
shorter in 1924 than in 1923. 

To obtain a more accurate indication as to the behavior of the 
hybrids for length of grain, seventy-five families of Sparrowbill 
crossed with Victor, and seventy-five families of the reciprocal, were 
continued in F,. The number of plants in each family varied from 
twenty to forty-five, with the exception of four families which con- 
tained less than twenty plants. It is realized that a larger number 
of plants per family would have been more desirable, but this would 
have necessitated growing fewer families, since the time required 
to measure the grains from a plant limited the amount of material 
which could be studied. 

Detailed data consisting of the mean and the coefficient of varia- 
bility of each F, family grown in 1924 as well as the mean length of 
grain of each F, parent plant are given in Tables 29 and 30 of the 
appendix. 

To determine the extent to which grain length in F, was a result 
of inheritance, a correlation coefficient was calculated for average 
grain length of the F, plants in relation to their F, breeding be- 
haviour (see Table 5). A correlation coefficient of +0.705+028-was 
obtained, which indicates that the character studied is an Amusually 
stable one for a size character. 0-029 
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TABLE 5.—Relation of Length of Grain on F, Plants and Mean 
Length of Grain of F, Family. 


Length of |Classes for Mean Length of Grain in Fs Family in Millimeters Total 

Fs Grain |44.5| 12.0| 12.5| 13.0| 13.5] 14.0] 14.5| 15.0] 15.5 | 16.0| 16.5 
13.0 1 a. le #2 
13.5 1 1 2 i! 1 6 
14.0 1 4 2 a 
14.5 2 4 1 q 
15.0 6 G2 1o80 3 2 2 29 
15.5 2 4 8 8 22 
16.0 af 9 5 8 3 1 1 | 28 
16.5 2 2 4 (4 1 1 21 
17.0 5 5 2 3 1 16 
17.5 1 4 1 2 8 
18.0 1 1 2 
18.5 1 1 2 

Total es sec ee ee ee ee 8 2) 1 — [5150 


r=+0.705+0.028 


The coefficient of variability may be used as an indication as to 
whether an F, family is segregating for grain length, the variability 
of the parental material being used as a criterion of the homozygous 
condition. The mean grain length of each family is given in Table 
6 with respect to the coefficient of variability for the family. The 
coefficients of variability were grouped into classes of 1.0 per cent, 
while the classes for the length of grain were 0.50 millimeters. The 
parents and F, data are presented for comparison. In the Victor 
parent in 1924 the coefficient of variability of the means obtained in 
different plots varied from 1.5 per cent to 4.5 per cent, while, in the 
Sparrowbill for the same year, the range was from 3.5 per cent to 
6.5 per cent. On this basis any F, family with a coefficient of varia- 
bility of 4.5 per cent or less was considered as probably homozygous 
for length of grain. For the shorter grained families those with a 
coefficient of 6.5 per cent or less are possibly homozygous. It is ap- 
parent that about two families may be considered as homozygous for 
short grain and about four for long grain. Between these two ex- 
tremes there are families which are apparently homozygous for grain 
of intermediate lengths. 

It is evident that the type of segregation displayed here is typical 
for size inheritance, and may be explained on a multiple factor basis. 
The following explanation is suggested on a three factor basis. The 
difference in grain length between the parents in 1924 was 4.9 milli- 
meters. Assuming that each of the three factors has an equal in- 
fluence on grain length, or 1.6 millimeters increase when homozygous 
there should be in F,, on a basis of sixty-four families, one family 
breeding true for a length of 16.3 millimeters, three families breed- 
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TABLE 6.—Average Length of Grain in Relation to the Coefficient 
of Variability of F, and F, Families of a Cross Victor 


with Sparrowbill, and Reciprocal. 


Grain Lengths of 


Parents are Included for Comparison. 


ie es | Classes for Average Grain | ® 
phe 5 ee » >3 | Length of Hybrid and Parent |= 
Name SolSSs [Sze | Families in Millimeters E 
~G/O °F [e505 | in 
Se Seeekeeeegieie|s 
°o TIT [AIA | | [t+ | FH [LO 11 |O |O IN | O 
| | 
Vid CLO Toles ose eee 1923 3.5 Th at 
ShoveKo ull! 1923 3.5 1 | 1 
SD Oy xeVies cen 1923 2 7.5 i 
WRIGS pit tye) ye Eee een 1923 2 7.5 i 1 
| 
: | | | 

WGUOGGN gee, Soo eee es BAe 1924 1.5 ill fl 
2.5 6ied | aT 
3.5 1/14) 6 21 
4.5 a) 83) 033 1 
Total Families ............ | |36 

| | | | 

[ey | 
Sparrow bill 1924 3.5 1] 5 6 
4.5 |13/11 24 
BED 5 | 5 
6.5 1 1 
Total Families ............ 36 
| 
Shee WIC. eos 1924 2 7.5 1 1 
DVS CHEKEIS D Dus erences sect 1924 2 8.5 1 1 
| 

Spo Ne de. WA) ae eee 1924 3 34159 2| 0} 1 3 
4.5 i) a3} all al ait al ()) al all 
5.5 2| 4) 2) 3) 3 14 
625: 1} 3} 1] 0} 8} 5) 5) 2) 1 26 
5) 1) 4} 3; 1} 5) 4 18 
8.5 1 1 Pe 
9.5 1] 1 
Motale Mam il lesmesers 75 
Walee pen Silt ndoeneessereee 1924 3 4.5 iil) Bi) 4 il 2 9 
5.5 6} 2] 8] 5] 2] 1) 2 26 
6.5 1 2 5] 5] 5) 3 21 
7.5 il] au all bs] 3 2 18 
8.5 1 if 
| ae 
Totals hamilicsie-------- 15 


we 
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ing true for a length of 14.7 millimeters, three families breeding true 
for a length of 13.1 millimeters, and one family breeding true for 
grain 11.5 millimeters long. In Table 7 these calculated figures are 
compared with the observed F, data. 


TABLE 7.—Comparison of Observed and Calculated Number of F, 
Families Homozygous for Various Grain Lengths. 


Families Homozygous for Grain 


aie Length in Millimeters of Total 
CK ae cae Salleake ae as Sh) 
Calculated Sense a= 2. | Ned, Nee 2.4 19 
Observed ees. ee 2: | 5.0 8.0 4.0 is) 


To definitely establish limits between families homozygous and 
heterozygous, for different lengths of grain, is only a rough approxi- 
mation, the real test being a more extensive breeding study or the 
actual locating of the factors for length of grain in definite linkage 
groups. It is easily demonstrated that a line segregating for one 
factor pair might give differences in length so small that they could 
not be distinguished from environmental fluctuations. 

In the preceeding paragraph it is shown that apparently each 
factor pair for grain length when homozygous gives an increase in 
length of 1.6 millimeters. If each of the three factors had half the 
influence in the heterozygous condition as when homozygous the F, 
plants would have grains which averaged about 13.9 millimeters in 
length. The F, plants grown in 1924, however, had grains which 
averaged 15.3 millimeters in length indicating that each factor in the 
heterozygous condition increases the length of grain 1.2 millimeters. 


Color of Grain 


In the cross under consideration, the Victor parent has black 
grain and Sparrowbill parent white. All the F, plants produced 
black grain, possibly not as intense in color as Victor. The segrega- 
tion for color in F, for all families grown is presented in Table 8. 

In all cases the observed numbers are very close to the calcu- 
lated for a 3:1 ratio. For the totals the deviation divided by the 
probable error is 1.5, indicating that black and white color are prob- 
ably controlled by a single factor difference. 

To test the accuracy of the F, classification for grain color the 
breeding behavior of the F, families was studied in relation to the 
classification for grain color of the parent F, plant. The detailed 
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breeding behavior of the various families are presented in Tables 
31 and 32 of the appendix, and are summarized in Table 9. Two 
plants were classed as black in F, when, actually, they were white. 
This is easily accounted for, since color does not develop excep- 
tionally well under the moist growing conditions of West Virginia. 
The results obtained, however, prove that, in general, the F, classi- 
fication for grain color was approximately correct. 


TABLE 8.—Inheritance of Grain Color in F, Progenies of the Cross 
Sparrowbill with Victor and Reciprocal. 


Total Number of 
Plants in Fz with 
Cross Year Grain Total 
Black | White 
Sparrowbille x) Victor =. 1923 116 37 153 
Wit@CCOT eke SDATTOW Dill cccceeen nt neceeecses 1923 332 100 432 
Snaveow billie VaCtoOr cece ae 1924 146 43 189 
WAICtOTS xX SDALTOW OL pe 1924 169 55 224 
otal ODS CLViC Ce sees catcccccn-n-cecceceaentece | 763 235 998 
| 
(OLN torialey deve aR iGa ee es Se ee 748.5 | 249.5 998 
| at: 
Deviation=14.50. 12 (BL ar Dev./P. E.=1.5. 


TABLE 9.—Summary of Breeding Behavior of F, Families for Color 


of Grain. 
aiges Fs Color Fs Breeding Behavior ae 
cae al Black patna | White 
Sparrowbill x Victor es £8 ie Z Ate 
and Reciprocal White 40 40 
SFO CA terse eens ces | 35 | 73 | 42 150 


X? = Less than 1. P = Very good. 


The data for the segregation for black and white grain color 
agree in general with the results obtained by Wilson (1907), Gaines 
(1917), Zinn and Surface (1917), Love and Craig (1918), Wakaba- 
yashi (1921) and Nilsson-Ehle (1909). 
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Panicle Type 


As pointed out in the description of the parents, Sparrowbill has 
a side or “horse mane” type of panicle, while Victor has an open or 
branched panicle. The F, of the cross between these two varieties 
was open-panicled. In the F, generation the ratio of open-panicled 
plants to sidc-panicled was close to a 15:1 calculated on the basts of 
a two factor difference, the factors for open panicle being duplicate 
(see Table 10). 


TABLE 10.—Segregation for Panicle Type in F, Plants of the Cross 
Sparrowbill with Victor and Reciprocal. 


Total Number of 
Plants in Fs with 


Cross Year Panicles Total 
Open Side 

Syoemawon oO oe WAU KONE  meeeeeccenceeeee teste 1923 143 10 153 

WAOWore S< SHOT AOU] eee pees 1923 403 29 432 
| 

Soweto ylOOll Se WAL eee perce 1924 174 15 189 

ViCtOne Xeno DAaLrow DIlltee see 1924 210 14 224 
| 

MotaleoDServieds esse eee eee 930 68 998 

Caleulated lds ere eee 936 62 998 

| 
Deviation = 6. leh 1a, == by Al(y Dev/Pa title 


In selecting the F, plants to continue in F, more plants classed 
as side in F, were continued than probably would have been had 
the selection been entirely at random. For complete data on the 
F, families for panicle type see Tables 31 and 32 in the appendix. 
These data are summarized in Table 11. 


TABLE 11.—Breeding Behavior of the F, Families for Panicle Type. 


———————— ee 
e—e————SSsSa——w9“Tr_»>_e@=«=« ooo 0$_$$q$£2—0O 


F: Panicle Fs Breeding Behavior Sy 
Description Open | Segregating | Side i 
(Oh of) 1p aera 65 68 133 
Bide. 222. 7 10 17 
| | 
OtalY -.ct-aceeee | 65 | 75 10 | 150 
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In all cases F, plants classed as open bred true for open panicle 
or segregated in F,. In the case of plants classed as side in F,, seven 
segregated; showing that, in reality, they should have been classed 
as open. If the classification of the F, material grown in 1923 is 
corrected on a basis of the breeding behavior of the F, the observed 
ratio would be 562:23. The calculated is 548 :37, giving a deviation of 
14, which is 3.5 times the probable error, giving odds of about 54:1 
against a deviation as great as the one observed being due to chance 
alone. 

The F, lines which were grown may be used to determine wheth- 
er the breeding behavior for panicle type could be explained on the 
two factor hypothesis. Had the same per cent of F, plants classed 
as side panicle been continued in F,, as were F, plants classed as 
open, ten would have been grown instead of seventeen. According 
to the breeding behavior of the 17 F, side plants continued, 41 per 
cent, or seven, segregated. On this same basis on the average four 
out of ten plants would be expected to segregate in F,. Combining 
these data with the breeding results of the open panicle F, plants, 
it is found that sixty-five bred true for open panicle, seventy-two 
segregated, and six bred true for side panicle. The calculated breed- 
ing behavior on the two factor basis is 63:71:9. Comparing these 
two results by the X? method gives a P. of .5880. The data obtained 
in this study indicate that the parents differed in two main factors for 
panicle type, one or both factors in the dominant condition giving 
open panicles. These results agree with those obtained by Nilsson- 
Ehle (1909), while Garber (1922) found that in Minota or Victory 
crossed with White Russian the results were best explained on a 
single factor difference. Wakabayashi (1921) states that in a cross 
Red Rust Proof with Black Tartarian, the inheritance of shape of 
panicle, if Mendelian, is probably best explained on a basis of multiple 
factors. Variable results, not explainable on a single factor basis, are 
reported by Gaines (1917) in crosses of side-panicled with open- 


panicled types. 


Degree of Awn Development 


The variety Victor carries a rather heavy, black twisted, genicu- 
late awn on the primary grain, while the Sparrowbill variety is awn- 
less in most cases (see illustration on page 6). Occasionally, how- 
ever, one or two primary grains in a panicle of Sparrowbill will be 
awned, the strength of the awn varying from very weak to a rather 
short, black twisted, but rarely geniculate awn. In no case was 
the awn of Sparrowbill nearly as long or as heavy as on Victor. In 
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taking the awn notes an arbitrary scale of numbers from “0” to lt? 
was used. The total absence of awns was denoted by “0”, while “1” 
indicated the presence of one or two awns in the panicle. More than 
two grains with awns were indicated by “2”, while, “3” represented a 
more or less intermediate condition between the two parents as to 
number and strength of awn. A plant classed as “4” had practically 
all of the primary grains awned, but the awns were not all geniculate, 
while “5” indicated the presence of a black, twisted, and geniculate 
awn on every primary grain in the panicle. (See illustration on 
page Ys)! 

Unfortunately but few data were taken to determine the varia- 
bility of the two parents for awns (see Table 12). A study of the 
data taken, however, indicates that both parents vary with respect 
to awns, the Sparrowbill giving all “0” and “1” types, while the 
Victor gives mostly “5,” with a few “4” types. 

The awns of the F, plants of this cross were of an intermediate 
type, not quite as heavy as the Victor parent, and were classed as “3” 
or “4”, A summary of awn development of the F, material grown in 
1923 and 1914 is given in Table 12. 

TABLE 12.—Behavior of Awn Development in F, and Parent Plants 
Grown in 1923 and 1924. 


Number of Plants in Fz 
Name Year With Awns Classed as Total 
0 1 P| ss i 
| 

V1 EO tage et ene ee ee, 1923 f 35 40 
S DADO ill reese eee 1923 35 19 64 
Sparrowbill x Victor........ 1923 15 25 55 27 on 153 
Victor x Sparrowbill........ 1923 9 36 68 129 105 85 432 
Sparrowbill x Victor........ 1924 2 15 11 24 75 62 189 
Victor x Sparrowbill........ 1924 3 15 22 41 75 68 224 
Total for Hybrids........ 14 81 126 249 282 246 998 


The detailed breeding behavior for awns of the hundred and 
fifty families grown in F, is given in Tables 31 and 32 of the ap- 
pendix. The results are summarized in Table 13. 

In the classification of the F, families for awns, the awnless 
class includes those lines which were as awnless as Sparrowbill. In 
the “awnless dominant” class most of the plants were awnless, al- 
though a few plants were present with stronger awns. The “like 
F,” class showed segregation similar to that of F, The “awns domi- 
nant” class consisted of those lines in which awned plants predomi- 
nated; while “awned” group consisted of such lines as bred as truly 
awned as the Victor parent. 
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TABLE 13.—Summary of Breeding Behavior of F, Families for 


Awns. 
Fs Awn |, Classieation BOE. Families foreAwns ey 
Class wnless : Awns Total 
| arcs Fateen EUS Es Dominant | Awned 
: Le = 1 
1 1 3 | | | 17 
2 1 22 2 25 
3 2 | 34 16 i) | 53 
4 | 8 | 23 4 35 
5 lie vet | 5 19 
ET i al ea ee Ge) a es (Se Gg) 


The data obtained indicate a close relation between the F, classi-— 
fication and the breeding behavior in F,. The only plant classed as 
“0” in F, that was continued bred awnless. The “1” class gave a 
predominating number of families segregating like F,. The “2” and 
“3” classes gave a more or less segregating type of F, reaction, while 
“4” and “5” classes tended to give mostly awns dominant and awned 
F, lines. 

The expression of awns is quite variable, and apparently con- 
sidered influenced by environment. Because of the fact that no ex- 
tensive notes are available regarding the variation of awns on the. 
parents from one part of the field to another, a careful analysis of 
the hybrids is impossible. 

Previous workers, studying the inheritance of awns have report-- 
ed varying results. Norton (1907), by crossing awned and awnless- 
forms obtained a ratio in F, of 1 awned: 2 hybrid type: 1 awnless. 
In crosses between Avena fatua and Kherson, Surface (1916) found 
that the factors for awns behaved as a simple Mendelian factor pair, 
giving 3 awned to 1 not fully awned. In F,, however, the awnless: 
plants failed to breed true in all cases; in fact, only five lines in: 
twenty gave all awnless forms. Surface concludes that the character 
is very variable. Love and Frazer (1917) in a cross Burt (weak 
awned) with 60 Day (awnless) obtained a ratio in F, of 1 awnless: 
2 intermediate: 1 awned. The awned plants bred true, the inter- 
mediate plants again segregated, while some of the awnless plants 
bred true and others were heterozygous. They considered that awn-. 
ing was influenced by environment. Love and Craig (1918), in a. 
cross 60 Day with Avena fatua found fully awned recessive to weak 
awn. Fraser (1919) in crosses between strong and weak awned’ 
parents found the fully awned type recessive. Awnless F, plants 
failed to breed true in all cases. Some of these variable results were. 
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explained by an inhibiting factor linked with the factor for yellow 
color in 60 Day. Fraser also states that awns are influenced by 
environment. 

The present study probably deals with material behaving in 
‘much the same way as the weak awn condition reported by Love and 
Fraser, Love and Craig, and Fraser. In the work here, very few 
families were obtained which bred true for awnlessness, and relative- 
‘ly few bred true for strong awns, although there were more homo- 
-zygous awned than awnless lines. It is hardly possible to explain the 
-segregation on a single factor difference. 


CORRELATED INHERITANCE OF CHARACTERS 


A further object of this study was to determine any possible 
‘genetic linkages, if such occurred. 


Relation of Length of Grain and Color of Grain 


Data regarding the relation between grain length and color of 
grain in the F, generation of the cross Sparrowbill with Victor and 
reciprocal grown in 1923 and 1924 are presented in Table 14. In 
Table 15 are given data on the length of grain of the various F, 
families, homozygous for white or black color or segregating. 


TABLE 14.—Relation of Length and Color of Grain in F, Progenies 
of the Cross Sparrowbill with Victor and Reciprocal. 


y " * . . . 1 
Goléer Frequency Distribution for | 


“Year of Grain cee Jia Total Mean Difference | 
; Grain ee e 
12 | 13 | 14] 15 | 16| 17| 18 | 19 a 
ee eels ete | | | 
1923 Black 4) 16] 69)/122,145, 717 12) 31 '44& | 15.52+0.04 | 0.12+0.07 | ier 
1923 : White , 1) 6) 19) 42) 50) 18) 1 | 137 | 15.400.06 | | 
Pe | 
1924 | Black | 15] 72|112] 70] 39] 6] | | 314 | 14.20-£0.04 | 0.12+0.09 | 1.3 
1924 | White | 4/ 19] 34] 27] 111 3] | | 98 | 14.32+0.09 | 


From the date of the F, generation it is seen that there was no 
difference in grain length, between the black and the white plants. 
This same condition was found in the F, generation since there was 
no significant difference in length of grain between families homo- 
zygous for white grain and families homozygous for black grain. 
There was no significant difference in length of grain between the 
families segregating for color and either the black or white families, 
It seems safe to assume that there is no linkage between factors for 
length of grain and color or grain. 
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TABLE 15.—Breeding Behavior of F, Lines of the Cross Sparrow- 
with Victor and Reciprocal for Grain Length and Grain 
Color, Grown in 1924. 


Color |Mean length of fornia in . Fs artes uw 
Behav- in Millimeters Ry 
ior of Total Mean Difference | ~ 
fs o;nm|/o!]H its) lo — 
tine |@/8/8/8|8|2 2/8 /3/3/2 5 
| | a] : 
Black 1] 3) 4 5) 3/ 10) 5) 3) 1 85 |14.10+0.11|Black &Whit-1.6 
i 0r2o=ts 0.04: 
Seg. Litres 20h dst dst) “Aly 84 73 |13.73+0.07] Black & Seg. |2.8 
ee ae +0.37+0.13 
White 1} 3} 5) 10; 11) 8 1) 1) 2! 1) 42 |18.8720.09|Seg & White |1.3 
| | +0.14+0.11 
| 


Relation of Length of Grain and Panicle Type 
The data on the relation of length of grain and panicle type in the 
I, families grown in 1923 and 1924 are presented in Table 16, while 
the F,; breeding behavior. for these two characters is given in Table 
17. In both years the open panicled plants had the longer grain. 


TABLE 16.—Relation of Panicle Type and Length of Grain in F, 
Progenies of the Cross Sparrowbill with Victor and 


Reciprocal. 


Frequency Distri- 


& = © tion for Grain af a 
RB re Length in Milli- |S Mean Difference | ~ | Odds 
© | ° = 
o meters - 5 
12/13] 14 | 15 | 16 [17|18]19 


1923] Open | 3|18] 80 el Be wes 3/546] 15.54+0.03 | +0.69+0.14 | 4.9 | 1051:1 


1923] Side | 2/ 4{ 8 13| Ae 14.85+0.14 | 

1924] Open = 81/134 4 i 9 1/384] 14.29+0.04 | +0.74+0.14 | 5.8 | 1350:1 

1924) Side i} 12 29) 13.55=£0.18 | 
S| 


From these data it is seen that homozygous open panicle fami- 
lies had grain 1.27+0.14 millimeters longer than homozygous side 
panicle families. This difference is significant in the light of -its 
probable error. The segregating rows are intermediate in length of 
grain between the side and open families, although they are nearer 
the homozygous opens in grain length than they are to the sides. 
The data for the F, and F, generations agree in general, bringing 
out the fact that side panicle plants have grains shorter than open- 


panicled plants. 
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TABLE 17.—Breeding Behavior of F, Lines of the Cross Sparrowbill 
with Victor and Reciprocal Grown in 1924. 


Mean Length of Grain in F: Families | 


Panicle in Millimeters ui 
Behav- Total} Mean | Difference |& 
lorof Rio |m lo /m |o |] |e] |e | Hm = 
Lines trai G4] Oh S228 SS et 2 Q 
A ee | ee ee 
leon : 

Open & Side | 9.3 

Open 3/ 3/ 16] 14] 19/ 4| 5] 1 65 |14.12+0.06 aT EO UE 
Open & Seg. | 8.1 

Seg. 3} 9]/ 11) 16] 13] 12} 6| 3] 1] 1) 75 |13.84+0.07 5 0.28-+0.09 

Side | 1 +0.99+0.15 


giesiees | | | 10 |12.85-+0.13| Seg. & Side | 6.6 


Since there are two independent factors concerned in the devel- 
opment of panicle type, the question arises as to whether there is a 
length factor linked with each factor for open panicle. Theoretically, 
half of the segregating F, families should give 15:1 ratios and half 
give 3:1 ratios for open versus side panicle. If length factors are 
linked with both panicle factors, those families segregating 15:1 
should have longer grain than those segregating 3:1. The segregat- 
ing families were classified, where possible, into two classes as to 
manner of segregation, and the mean length of grain determined. 
Thirty-five families segregating in an approximate 3:1 ratio gave a 
mean grain length of 13.64+0.06 millimeters. While 24 families 
segregating in a 15:1 manner had a mean length of 14.18+0.07 milli- 
meters, a length equal to that of the homozygous open families. The 
difference in favor of the 15:1 families is 0.54+0.09. The odds against 
a difference as great as the one shown being due to chance are ex- 
tremely high. From these data it would seem that two factors for 
grain length are linked, one with each of the two factors for panicle 


type. ; 


Relation of Length of Grain and Awn Development 


The data on the relation of grain length and awns in the F, 
generations grown in 1923 and 1924 are presented in the form of 
correlation surfaces in Tables 18 and 19, while the breeding behavior 
of the F, families for the relation of these characters is given in 
Table 20. 

A study of the data presented in these tables leads to the as- 
sumption that in the F, generation there was a correlation between 
strong awns and long grain, as shown by the correlation ratio, which 
was of about the same value for 1923 and 1924. The awn classes 

ey 
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in the F, data are the same as presented in Table 13. In this case, 
the value for y is 0.469+0.043, and the data in the table shows that 
this relation is positive; the awned lines tending to have the longer 
grains. 


TABLE 18.—Length of Grain and Awn Development of F, Genera- 
tion of the Cross Sparrowbill with Victor and Recipro- 
cal, Grown in 1923. 


elite Length of Grain on F2 Plants in Millimeters Total 

Plants io rato | a Ll es a ea 
0 4 4 1 9 
1 2 7 13 23 5 1 51 
2 1 8 15 29 30 9 1 93 
3 5 35 50 69 24 1 184 
4 1 1 it 42 45 29 1 2 132 
Sa) ot ff 10 16 46 32 9 1 116 

Tetales asd = .(* fo. 3] 88 Cy 0 es a ae se eee 

= 0.3 . 
1 =0 GFE oy 


TABLE 19.—Length of Grain and Awn Development of F, Genera- 
tion of the Cross Sparrowbill with Victor and Recipro- 
cal, Grown in 1924. 


pg Length of Grain on F2 Plants in Millimeters Total 
Plants jt2ee) 18. | 014 15 (oulani are Moen sian ee 
0 2 2 1 5 
1 8 8 8 3 3 30 
2 5 8 15 3 rh 1 
S| | ee ee ee £7 8 
4 3 44 61 28 12 2 150 
5 | 15 37 45 26 6 130 
portal | 19 |" 91 | 146 97 eh oer SOs Leela aS ; l 7 [rans 


=0.368 DR 
i= +973 9 4 
TABLE 20.—Breeding Behavior of F, Families of the Cross Spar- 
rowbill with Victor and Reciprocal for Length of Grain 

and Awn Development. 


Classification Mean Length of Fs Families in Millimeters ee 
of Fs Lines ies S = aie? as 
rrawne =| 2/8 [8 (e/2l2|2|/3/8/2/ 22 

PAC TNL GS Siieesctsseeccsnsccscsee: 1 ay | | | 2 
Awnless Dominant ...... 1 2 2 1 6 
IAD. URS eee eee a3 ff gat |) ots yh Ae | ais Tad 5 1 | 80 
Awns Dominant ............ 4 3 | 10 9|;16| 4 Ky tal 52 
ANG UNG be eases eae A Rie 1 Lal | a ab |) ab ae 

IO Caeser ee od eeSate ts cLTe 3b. [c274|.31) [20 | 8°]. 2.[- 1 [150 


1 = 0.469 0-48- 
POY 3 
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TABLE 21.—Relation of Grain Color and Panicle Type in F, Progen- 


ies of the Cross Sparrowbill with Victor and Recipro- 


cal. 

Kind of| Black White Black | White | Total 
Year| Ratio | Open Open Side | Side ms P 
1923 | Obs’d | 420.00 126.00 | 28.00 | 11.00 | 585 | l 

Cal’d | 411.30 137.10 27.42 9.14 | 585 1.4734 | .6929 
1924 |] Obs’d | 295.00 89.00 20.00 9.00 413 | | 

Cal’d 290.25 96.75 19.35 6.45 | 413 | 1.7285 | .6345 
Both | Obs’d | 715.00 215.00 48.00 20.00 998 | | 
Years | Cal’d 701.55 233.85 46.77 15.59 | 998 | 3.0569 | .3176 


Relation of Grain Color and Panicle Type 


The relation of color of grain and panicle type is given for the 
F, plants in Table 21 and for the F, families in Table 22. 

The data for F, indicate a very close fit to the calculated for a 
45 :15:3:1 ratio, assuming a two factor difference for panicle type and 
one for color. This tends to prove that the factor for color of grain 
and the factors for type of panicle are inherited independently. 

The breeding behavior of the F, lines for color of grain and pan- 
icle type furnish more conclusive evidence that these factors are in- 


herited independently, the observed ratio being very close to the 
calculated (P=0.9845). 


TABLE 22.—Breeding Behavior for Color and Panicle Type of F, 
Families of the Cross Sparrowbill with Victor and Re- 
ciprocal, Grown in 1924. 


Panicle Class Color Class Observed Calculated 
Numbers Numbers 
Open Black 15 16.41 
Open Segregating 30 32.81 
Open White 20 16.41 
Segregating Black 18 18.75 
Segregating Segregating 37 37.50 
Segregating White 20 18.75 
Side Black 2 2.34 
Side Segregating 6 4.68 
Side White 2 2.34 
Total 150 150 
es Ty! P = .9845 
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Although an attempt was made to select at random the F, plants 
to continue in F, it has been shown that too many side panicle plants 
were continued for a random selection. In the F, data presented 
here regarding the relation of panicle type and grain color no cor- 
rection is attempted, and for this reason the value of P is probably 


slightly too high. 


Relation of Grain Color and Awn Development 


Data for the relation between grain color and awns in the F,. 
hybrids of the Sparrowbill with Victor cross are presented in Table 
33 of the appendix. In addition to the actual numbers observed in 
each awn class, the percentage of individuals in each class is given. 
It will be seen that among the plants with white grains the percent- 
age of awns in the “0”, “1”, and “2” classes is higher than among 
plants with black grain, while in the “3” and “4” awn classes there 
is not so much difference, although the blacks are usually in excess 
in the “4” class. In the “5” awn class the whites fall off quite 
sharply. This would possibly indicate that the factors for black 
color and for awn development are linked. 

To determine if the white and black grained plants did actually- 
behave differently for awns, X* was computed on the percentage fig-- 
ures, using the black plants as the calculated and the whites as ob- 
served. It will be seen that for the 1923 data P is very low, while- 
for 1924 the fit is very good. Combining the two years results P= 
.2894, or, more often than once out of four trials a worse result than 
the one observed would be expected due to chance. This fit is not 
at all bad, and the results indicate that if there is linkage it is not 
close. 

The breeding behavior of the hundred and fifty F, families for 
grain color and awns is presented in Table 23. There is a marked 
tendency for the families homozygous for black grain to be awned, 
or partly awned, as in no case was there a homozygous black grained 
line breeding true for awnlessness. In the homozygous white lines, 
however, three families in forty-two were homozygous for awns, ten 
had awns dominant, although only two had awnlessness dominant 
and none were awnless. This again indicates that, for some reason, 
too few lines were found breeding true for awnlessness. If there: 
is linkage between the factor for color and a factor for awns, which: 
is doubtful, it must be considered as very loose. 
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‘TABLE 23.—Breeding Behavior for Color of Grain and Awns in F, 
Families of the Cross Sparrowbill with Victor and 
Reciprocal, Grown in 1924. 


Color Behavior for Awns 
of Awns : Awnless Total 
Grain Awned | pominant Like Fe ly ominant Awnless 
LE} EY) eS err 3 | 16 | 16 | | 35 
SO gu unser 4 | 26 37 | 4 | Z 73 
PWDIte Soe. ceeccesee es 33 | 10 | 27 | 2 | | 42 
1 OCa| eee eee | 10 | 52 | 80 6 | 2 150 


Relation of Panicle Type and Awn Development 


There seems to be a close linkage between open panicles and 
rawns, as the percentage of individuals with stronger awns is much 
higher in the open panicle plants than in the side types (see Table 
34 of the appendix). Considering both F, families grown, 79 per 
‘cent of the open panicle plants had awns of class “3” or stronger, 
while only 57 per cent of the side plants were classed in this group. 
Of the open panicle plants 20 per cent had “O”, “1”, or “2” awns, 
while 43 per cent of the side panicle plants were classed with awns 
of class “2” or less. X*® was computed for these data, using the open 
panicle group as the calculated and the side types as the observed. 
In all cases P is very low, indicating that there is little probability 
that the deviations observed are due to chance. 

A study of the F, lines for panicle type and awns discloses a 
strong tendency for open panicle plants to be awned, or mostly 
awned, while in one case in sixty-five a line was homozygous open 
and awnless (see Table 24). No awned, side panicle type was found, 
-although one line had awns dominant. From the F, and F, data it 
seems that the factors for awns and panicle type are linked. This 
linkage is not physiological, since open-panicled, awnless lines were 
‘recovered in F,. 


“TABLE 24.—Breeding Behavior for Panicle Type and Awns in F, 
Families of the Cross Sparrowbill with Victor and 
Reciprocal, Grown in 1924. 


Type Behavior for Awns 
of Awns ; Awnle Total 
Panicle Awned eee Like Fs Ba ainent Awnless 
(Open see 5 29 ] 27 3 1 | 65 
Oh eee 5 22 46 2 15 
Sidelines 1 7 1 1 10 
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DISCUSSION OF RESULTS 


A study of inheritance was made in a cross between Sparrowbill 
and Victor oats. The characters studied were length of grain, color 
of grain, awns, and type of panicle. The Victor parent has long, 
black grain, strong, black twisted, geniculate awns, and open pan- 
icles; while the Sparrowbill parent has short, white grain, none or 
very few awns, and a side panicle. The cross was made reciprocally 
and in no case was there a difference in segregation in the cross or 
the reciprocal. 

Grain length appeared to be a very stable size character. The 
segregation as obtained for grain length, based on the number of 
F, families which appeared to be homozygous, could be explained 
on a three factor basis, each factor when heterozygous having a 
greater effect than when homozygous, and the various factors inter- 
acting in a cumulative way. Black versus white grain was apparently 
dependent on a single factor pair. Open versus side panicle type ap- 
peared to be differentiated by two duplicate factors with open pan- 
icle dominant. The development of awns could not be explained on 
a single factor basis. 

After determining the mode of inheritance of the individual char- 
acters, a study was made to determine any possible linkage in in- 
heritance of the various characters. The study of the linkage of 
factors on the chromosome basis is of particular interest in relation 
to the mode of inheritance of size characters. 

Considering the relation of grain length and color in F, it was 
found that there was practically no relation between these two char- 

30 acters, as no significant dif- 
ferences in grain length 
were observed between 
black and white plants. The 
F, families were grouped 
into three classes of grain, 
namely, homozygous black, 
homozygous white, and seg- 
regating for color. The 
mean length of grain of each 
of these groups was deter- 
mined. In no case is there 

BLACK | a significant difference be- 
ee WHITE tween these means. Figure 
1 presents graphically the 
x 3 6 S 3 mean length of grain of the 
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NS 


S$ 


for Black and White Grain. Sparrowbill with 


Victor and Reciprocal. that there is no linkage be- 
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tween the factor for grain color and a factor or factors for grain 
length. 

Considering the relation of panicle type and length of grain, the 
data for F, bring out the fact that in both years the F, open panicle 
plants had longer grain than the side panicle plants. The differences 
for 1923 and 1924 were respectively 0.69+0.14 and 0.74+0.14, with 
odds of 1,050:1 and more than 1,350:1 that differences as great as 
the ones shown are not due to chance. For the F, families the dif- 
ferences are more striking, the homozygous open families having a 
mean length of grain 1.27+0.14 millimeters longer than the homo- 
zygous side panicle families. Figure 2 presents the data for F, in 
the form of a chart. In this chart the length of grain of the homo- 
zygous open and homozygous side families is compared, and also the 
length of grain in families segregating in a ratio of 15:1 and 3:1 for 
open and side panicles. The chart brings out the fact that the fami- 
lies segregating 15:1 had a grain length longer on the average than 
the families segregating 3:1. The mean length of grain for the 
families segregating in the 15:1 and 3:1 ratios respectively was 
14.18+0.07 and 13.64+0.06. The chances that these values are sig- 
nificantly different are extremely high. These data indicate that 
probably a factor for grain length is linked with each of the factors 
for panicle type. 
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Since it is shown that probably there is a factor for grain length 
linked with each of the two factors for panicle type, this would place 
a factor, or a group of factors for length of grain, in each of the two 
linkage groups which contain factors for panicle type. A study of 
the relation of panicle type and grain color in the F, data and in the 
IF, breeding behavior shows that there was no relation between 
these characters. This would indicate that the factor for grain color 
is in a third linkage group. 

A study of the relation of panicle type and awns indicates a rather 
close correlation between these two characters. In F, there was a 
strong tendency for the open panicle plants to be stronger awned 
than the side panicle plants, as is shown in Figure 3. The F, data 
brought out the fact that homozygous open panicle families were 
inclined to be fully awned like the Victor parent. One family was 
tound, however, which was homozygous awnless and was breeding 
true for open panicle. Such a result proves that a cross-over took 
place, breaking the linkage between awns and open panicles. The 
homozygous side families on the other hand had fewer awns and 
showed a tendency to breed awnless, like the Sparrowbill parent. 
This suggests a linkage between at least one factor for awns and 

one of the factors for open 

30 : 
panicles. One family breed- 
ing true for side panicle was 


eo classed as awns dominant, 
= giving another indication of 
S20 a crossover. 

~~ [ieaytactor tor “awts 1s 
S linked with a factor for pan- 
ae icle type, there should be 
S some indication of relation 
570 between grain length and 
o awns, since it has been 
& shown that there in a rela- 
ae tion between panicle type 


and length of grain. The 
data presented indicate that 
such is the case; that a fully 


awned condition and long 
Fig. 3.—Relation of Panicle Type and Awn : : 
Be cibcaont in Fe Plants of the Cross tains tend to be associated. 


Sparrowbill with Victor and Reciprocal This relation in the F, fam- 
Grown in 1923 and 1924. ilies grown in 1923, as ex- 


pressed by the correlation ration, was y = 0.358+0.024, and in 1924, 
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n = 0.368+0.029. For the F, families the value of 1 was 0.469+0.043 
These values of y indicate a rather close relation between awns and 
length of grain. From this it may be assumed that in at least one 
of the linkage groups in which there is a factor for panicle type and 
a factor or group of factors for grain length there is also a factor or 
factors for awns. 
The other relation studied was between awns and color of grain. 
‘The data are rather indefinite in F,, since in 1923 there was an 
30 indication of linkage be- 
tween black color and awns, 
while the probabilities of 
such a linkage in the 1924 
material are rather small. 
Figure 4 presents the com- 
bined data for F,, giving the 
percentage of black and 
white plants in the various 
awn classes. It is seen that 
there is little difference be- 
tween the curves for black 
5 ACK grain plants and the one for 
= --- WHITE white plants, except that 
the line representing the 
O 1 2 3 zi => ~=6white grain plants drops off 
AWNS sharply in the fully awned 


class. The F indi 
Fig. 4.—Relation of Color of Grain and Awn oe BS, 
Development in Fez Plants of the Cross however, that the families 


She ER EL out mites and Reciprocal homozygous for black grain 

tend to be heavier awned 
than the families homozygous for white grain. Only two homozy- 
gous awnless families were grown in F, and these were segregating 
tor color. Of the homozygous white grain families three were classed 
as fully awned. These facts make it rather doubtful that there is a 
linkage between the factor for color and a factor for awns. 
linkage is assumed it must be considered to be very loose. 
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SUMMARY 


1.—A study was made of the inheritance of length of grain and 
other differential characters in a cross between Sparrowbill and 
Victor oats. The Victor parent had a mean length of the primary 
grain of 16.4 millimeters, black grain color, open panicle, and each 
primary grain carried a rather strong, black twisted, geniculate awn. 
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The Sparrowbill, on the other hand, had a mean grain length of 11.5 
millimeters, white grain color, side panicle, and none or very few of 
the grains were awned. 


2.—All of the primary grains from the leading panicle of 117 
plants of Victor grown on good soil in 1923 were removed in order 
from the base to the tip of the panicle and measured for length. From 
these data it was found that a sample of ten grains selected from all 
parts of the panicle gave approximately as accurate a measure of 
grain length for the panicle as did all of the grains in the panicle. 
It was also shown that grains at the tip of the panicle were longer 
than those at the base. A sample of ten grains, selected at random 
from the leading panicle was used as a sample from which to de- 
termine the length of grain for each plant studied. 

3.—Each parent was grown on good and poor soil in order to 
study the influence of soil condition on length of grain. It was found 
that poor soil did not greatly reduce grain length although height 
and yield of plant were greatly reduced. This brings out the fact 
that, while grain length is variable, it is less variable than such char- 
acters as plant yield and height. 

4.—The parent varieties differed in grain length by about 4.9 
millimeters. The F, was intermediate for length of grain, although 
tending to approach the length of Victor. The F, variability for 
grain length was much greater than for either parent, the range be- 
ing from the length of one parent to the length of the other. In F, 
two families from a total of a hundred and fifty were recovered with 
a mean grain length as short as Sparrowbill, and four with a mean 
length as great as Victor. Between these two extremes were found 
lines apparently homozygous for grain of intermediate length. The 
results obtained can be explained satisfactorily by the assumption 
that the parents differ by at least three main factors or groups of 
factors for grain length. 

5.—Color of grain was controlled by a single factor pair, black 
being dominate. Panicle type was controlled by two duplicate fac- 
tors, one or both present in the dominant condition giving open pan- 
icles. Inheritance of awns was of a more complex nature and could 
not be explained by a single factor difference. 

6.—It was found that there was no linkage between the factor 
for color of grain and any factors for length of grain. With each 
factor for panicle type is probably linked a factor, or group of factors, 
for grain length. At least one factor for awns is linked with a fac- 
tor or factors for length of grain, and there was also linkage between 
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a factor for panicle type and one for awns, as would be expected since 
length of grain and panicle type are associated. 

7.—It was demonstrated that color of grain and paincle type 
were not associated and there was little or no relation between color 
and awns. The data indicate three linkage groups, one containing 
a factor for color and possibly a factor for awns. A second group 
contains a factor for panicle type, together with a factor, or group 
of factors, for the characters length of grain and awns, respectively, 
while the third group contains a factor for panicle type and a factor 
or factors for grain length. 
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TABLE 26.—Progressive Differences in Mean Length of Grain, by 
Groups of Five, from the Base to the Tip of the Panicle. 


Victor Parent Grown on Good Soil, 1923. 


Group No. 


Approximate 


Mean 
5 Gfaine Number Number of 
Loe “oe Graine on | benath 
Group) ac Somete Millimeters 
i 9 15 16.9+0.2 
2 9 15 AO = 0N2 
3 9 15 18.0+0.2 
1 11 20 16.9+0.2 “ 
2 11 20 lga=()al 
3 1b 20 ieo=s0e2 
4 ata) 20 17.9+0.2 
il 19 25 | 172201 
2 19 25 17.4+0.1 
3 19 25 17.4=£0.1 
4 19 25 | 17.9+0.2 
5 19 25 | 18.2+0.2 
1 21 30 | 17.7401 
2 21 30 Mera 
3 21 30 WT KEOL 
4 21 30 eS On! 
5 21 30 18.6+0.1 
6 21 30 18.6+0.1 
a 21 35 (Paxil 
2 Pal 35 17.50.2 
3 21 35 17.5+0.1 
4 | 21 35 17.8+0.1 
5 21 35 18.0+0.2 
6 21 3D | 18.3+0.2 
7 | 21 35 | 18.40.2 
1 13 40 17.3+0.2 
2 13 40 17.20.2 
3 13 40 17.4+0.2 
5 13 40 17.5220:1 
6 13 40 ifeOet eg 
7 13 40 18.4+0.2 
8 13 40 18.6£0.2 
is slik 45 17.4+0.2 
3 11 45 17.6+0.2 
3 11 | 45 ipa ea( Veal 
4 11 45 ‘Weg ret a) 
5 “lal | 45 | eats 2 
6 11 45 17.9==0.2 
7 ali 45 18.1+0.2 
8 11 45 18.2£0.2 
9 11 45 18.30.2 
T 9 50 17.3+0.2 
9 9 | 50 | 17.6+0.2 
3 9 50 17.40.2 
y 9 | 50 1727202 
5 9 50 17.9=0.2 
6 9 50 17.8+0.2 
7 9 50 UG aS) 
8 9 50 18.0+0.3 
9 9 50 18.0+0.3 
10 9 50 18.0+0.3 
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TABLE 27.—Length of Grain of Sparrowbill Parent Grown in Var- 
ious Plots, 1924. 


ed ee eae 
= lS. is Lo... et 


Grain | 2 
1924 Row Lentgh of | & 
Number Plants —_o 
“ enn: c 
in Millimeters Ses 
10] 11] 12) 13) FZ 
937-388 5| 24 29 
943-445 5] 15 2\ 22 
953-548 8} 18 26 
963-648 2\ 24) 25 41 
973-748 2} 18) 18 38 
983-848 24, 15 39 
997-988 7 ke) 39 
1011-12S 25/ 11 36 
1025-268 Seo 38 
1039-40S 8| 25 33 
10538-54S alyd|  al(é 1) 34 
1067-68S 2| —28| 12 Lies 
1081-828 24| 12 36 
1095-96S all) 548) tf 38 
1109-1110S PAY Pa ala 34 
1123-248 22) 19 41 
1137-388 19) 15 34 
1151-52S 4; 24 1) 29 
1165-66S 2} 20) 11 33 
1179-80S Te 2.0 |e: 38 
1193-948 ail) a eR lle 
1207-08S 1) 15) 22 38 
1221-228 1) 4) 20 36 
1235-36S 2) 14) 19 35 
1249-50S 13 | Ss 31 
1263-64S 2} 18) 21 1) 42 
1277-788 nh) Way ale 41 
1291-928 1) 14] 24 39 
1305-06S 20) 20 40 
1319-20S 2| 29 9 all ual 
1331-328 20) 16 36 
1347-488 15) 18 all! Syl 
1361-62S 13|ee 2m 1 35 
1375-76S 13) 20 ill) Bye 
1389-90S 6| 26 all) 8%: 
1403-048 | 25] 12 37 


Mean 
Length of 
Grain in 

Milli- 

meters 


11.83+0.05 
11.86+0.08 
11.690.06 
11.32+0.06 
11.42+0.07 
11.39 +0.05 
11.46+0.05 
11.31+0.05 
11.66+0.05 
11.76+0.05 
11.530.06 
11.28+0.06 
11.33+0.05 
11.16+0.05 
11.27+0.07 
11.46+0.05 
11.44+0.06 
11.90+0.05 
11.27+0.07 
11.11+0.07 
11.65+0.06 
11.55+0.06 
11.56+0.06 
11.49+0.07 
11.58+0.06 
11.50+0.07 
11.39+0.06 
11.59+0.06 
11.50+0.05 
11.22+0.06 
11.44+0.06 
11.59 + 0.06 
11.66+0.06 
11.65+0.06 
11.85+0.05 
11.320.05 


25 em 
65 Coefficient 
zs of 
£3 Variability 
era) 

0.38 | 3.21+0.20 
55 4.64+0.33 
46 3.930.26 
56 4.95+0.26 
59 5.17+0.28 
49 | 4.300.23 
50 4.360.24 
46 4.07+0.23 
AT | 4,030.22 
43 3.66+0.21 
SOD 4.77+0.28 
.58 5.140.26 
AT 4.15+0.23 
43 3.85+0.21 
56 4.97+0.29 
50 4.36+0.23 
50 4.37+0.25 
40 3.36+0.21 
57 | 5.06+0.30 
68 | 6,12+0.33 
58 4.98+0.28 
.55 4.76+0.26 
255 4.76+0.27 
.60 5.22+0.30 
49 4.23+0.26 
.63 5.48+0.29 
54 4.74+0.25 
54 4.660.25 
50 4.35+0.23 
56 4.99+0.26 
50 4.387+0.25 
55 4.75 -+0.27 
53 4.55-£0.26 
54 4.64+0.27 
44 3.71+0.22 
47 4.15+0.23 
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Grain be Mean ps 

1924 Row Lentgh of = Length of Gis Coefficient 
Number Plants eo: Grain in ew of 

in Millimeters | S . Milli- So Variability 

xz 15] 16] 17] 18) 19| CS meters ae 

935-868 UPB | 33 | 16.24:+0.06 | 0.49 3.02+0.18 
941-428 aE | ee 3 29 16.41+0.09 72 4.39-+0.27 
951-528 5| 26| 3 34 15.94+0.06 48 3.01+0.17 
961-628 8| 18] 7 33 15.97+0.08 67 4.20+0.25 
971-728 3] 21) 16 40 16.33+0.07 61 3.74£0.20 
981-828 TS 2Vi ct 40 16.58+0.06 54 3.26+0.17 
995-96S 1/ 14) 18] 4 37 16.68+0.08 70 4,200.23 
1009-108 BOT 7 36 16.14+0.05 48 2.97+0.17 
1023-248 a 33) <8 33 16.18+0.06 52 3.21+0.19 
1037-388 19} 11 30 16.370.06 48 2.93+0.18 
1051-528 16) 14, 1 31 16.52+0.07 56 3.39+0.21 
1065-66S 28| 10 38 16.26+0.05 44 2.71+0.15 
1079-808 15) 22) 1. 38 16.63+0.06 54 3.25+0.18 
1093-948 1) 9] 24) 2 36 16.75+0.07 60 3.58+0.20 
1107-088 1/ 16] 23) 2 42 16.62+0.06 62 3.73 +0.19 
1121-228 13) 23)5 3). | 387 16.70+0.06 56 3.35+0.19 
1135-368 1) 20] 14) 1 36 16.42+0.07 60 3.6540.21 
1149-508 1) 15} 6) 1 23 16.30+0.09 62 3.80-+0.27 
1163-648 3] 26] 10] 1 40 16.23+0.06 61 3.76-+0.20 
1177-788 1} 18} 13 32 16.38+0.07 55 3.36+0.20 
1191-928 2} 19} 11} 1 33 16.33+0.08 64 3.92+0.23 
1205-06S 4; 26| 14) 1 45 16.27+0.07 65 4.00+0.20 
1219-208 1) 13] 20] 4 38 16.71+0.08 69 4.13+0.23 
1233-348 23t 43)d) 42 16.36£0.06 53 3.24+0.17 
1247-488 3] 26 4 33 16.03-+0.05 46 2,870.17 
1261-628 thS21> -2 | 35 16.03+0.03 .29 1.81+0.10 
1275-768 33] 6; 1 40 16.20+0.05 46 2.84+0.15 
1289-908 25| 13} 1 39 16.39+0.06 54 3.29+0.18 
1303-048 3/ 20; 9| 1 33 16.24+0.08 65 4.00+0.23 
1317-188 3] 29] 5 37 16.05-+0.05 46 2.86-+0.16 
1329-30S 2] 19] 13 34 16.32+0.07 58 3.55+0.21 
1345-468 2| 14 14] 2/ 1) 33 16.58+0.10 82 4.95+0.29 
1359-60S 2) 23) 15 40 16.33+0.06 57 3.49+0.19 
1373-748 2| 16] 18 36 16.44+0.07 60 3.65+0.21 
1387-88S 25| 11) 1 37 16.35+0.06 53 3.24+0.18 
1401-028 heir ley | 38 16.58+0.05 49 2.96-0.16 
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HENRY G. KNIGHT, Director 


Morgantown 


Fig. 4.—St. Marys Experiment Showing Check Plot on Left and Plot Fertilized 
with Nitrate, Phosphate, and Potash. (See page 28.) 
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Fertilization of Apple Orchards, IT * 


Further refinement in the different operations involved in pro- 
ducing better fruit cheaply will center attention more and more upon 
the care of the orchard. The great variety of conditions under which 
apples are grown in West Virginia make it difficult to determine 
with assurance what are the best cultural practices. An attempt has 
been made in the experiments reported here to obtain information as 
to the influence of certain orchard practices upon the tree under dif- 
ferent methods of care. These experiments have been in progress 
for a sufficient length of time to indicate the general bearing of the 
different variables in the treatment upon both growth and produc- 
tion. 

This bulletin in part is a continuation of the experiments first 
described in Bulletin 174 of this station (Alderman and Crane, 1920). 
In the St. Marys, Sleepy Creek, and Rome experiments the growth 
and yield records are given completely for the entire period of in- 
vestigation. The results of the first seven years of the Cultural Ex- 
periment are given here for the first time. It will be seen from the 
general trend of the first three experiments that considering the 
results for the entire period certain changes in the recommendations 
appear justified. 


RESULTS OF THE MORE RECENT EXPERIMENTS IN 
APPLE FERTILIZATION 


A number of experiment stations have reported the results of 
studies on apple fertilization since West Virginia Bulletin 174 was 
published. Without going into detail it may be stated that the gen- 
eral tendency of the later results is much the same as those reported 
earlier. Nitrogen has been the only fertilizer to which the apple 
has, in general, given a profitable response. Anthony and Waring 
(1922), in Pennsylvania, found results comparable to those of Hed- 
rick (1914), in which sod plots showed a marked response to nitro- 
genous fertilizers while cultivated plots where cover crops were grow: 
did not. In Maine, Sax (1925) reported similar results. Likewise, in 
Ohio, Ballou (1920 and 1925) drew similar conclusions except that 
he found an increase in yield in some cultivated orchards which 


on the time this manuscript was prepared the senior author, Dr. M. J. Dorsey, was 
head oF the Department of Horticulture, which position he resigned September 1, -1925. 
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was less marked than in sod. In his experiments in the sod plots 
in one orchard, phosphorus also increased the yield, presumably by 
increasing the growth of clover that later supplied the nitrogen to 
the trees. In the New Hampshire tests, (Gourley 1919), increased 
growth resulted from the use of nitrogen-carrying fertilizers but 
there was no increase in yield during the first ten years of the ex- 
periment, 1908 to 1918, but at the time of this writing, according to 
Chandler (1925), nitrogen was beginning to show beneficial effects 
following further depletion of the initial fertility. In Massachusetts, 
Shaw (1924) found that trees growing in sod and receiving nitrogen 
produced a better growth than cultivated trees without nitrogen. 
Cooper (1920), in Arkansas, reported a larger set of fruit follow- 
ing nitrate applications. In New York, (Collison 1920, Collison 
and Harlan 1923) no fertilizer has produced any beneficial results 
in any of the cultivated orchards studied. Hedrick and Tukey 
(1924) said regarding one orchard, “when we come to sum- 
marize the effects of the fertilizer treatments in the orchard, we are 
forced to conclude that they have made absolutely no impression 
upon the behavior of the trees.” The soils in these orchards are 
deep and fertile. Lyon, Heinicke, and Wilson (1923), in an orchard 
of young Delicious trees at Ithaca, New York, obtained marked 
results in growth in sod plots from the use of nitrate of soda. 

Turning now to the Pacific Northwest for additional data we 
find that Morris and Larsen (1921), in tests made in the Wenatchee 
Valley, found very good results from the use of nitrogen-carrying 
fertilizers in orchards which had been clean cultivated for several 
years, but no pronounced results in orchards in which a good cover 
crop had been grown for more than three years. No evident re- 
sponses have been observed from applications of either acid phos- 
phate or potash. Lewis, Reimer, and Brown (1920) report similar 
results in Oregon. 

In summarizing briefly the results on apple fertilization in other 
states, it can be said that apple trees in sod generally need nitro- 
genous fertilizers for maximum production while apple trees under 
cultivation may or may not, depending on the fertility of the soil. 
Acid phosphate seems to be valuable in stimulating cover crop 
growth only. Applications of potash nave shown no favorable re- 
sponse. It will be seen later that the West Virginia experiments, 
in general, corroborate those summarized above. 
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THE WEST VIRGINIA EXPERIMENTS 


The main features of the four experiments reported in this 
bulletin are given in the following order: (1) The St. Marys Expert- 
ment which is located in the orchard of Mr. L. E. Reynolds, three 
miles from the city of St. Marys, Pleasants County, on the hills 
adjacent to the Ohio River Valley; (2) The Sleepy Creek Experi- 
ment with Grimes, Ben Davis, and York; (3) The Rome Experiment 
at Sleepy Creek; and (4) The Cultural Experiment on the Horticul- 
tural Farm near Morgantown. The two Sleepy Creek experiments 
are located in Morgan County in the orchard now owned by the 
American Fruit Growers, Incorporated. These experiments, there- 
fore, are located in the fruit centers of the state and include different 
soil types in each instance. 


The St. Marys Experiment 


This experiment was started in the spring of 1911. The trees 
were twenty years old, of the Rome variety, and were making 
only irom one to three inches of terminai growth each year. At the 
time the experiment was started the trees were filled with dead 
branches and seemed to be upon the verge of starvation. The first 
season the orchard was thoroughly pruned, sprayed, and cultivated. 
The soil type is a Dekalb silt loam which is generally recognized 
as one of the poor soil types of the state. Beginning with plot 2, 
the soil in this particular location becomes progressively poorer 
toward Plot 10. This fact should be kept in mind in studying the 
data from this experiment. When the plots were laid out the orchard 
had not been cultivated for some time and supported only a meagre 
growth of grass or weeds. The general condition was such as to fur- 
nish an excellent opportunity to study the influence of the different 
fertilizers when applied to devitalized trees growing in poor soil. 

The experiment included ten rows or plots with twelve trees per 
plot making a total of 120 trees. Each plot received the following 
applications of fertilizers in pounds per tree: Plot 1 and 6 muriate 
of potash 2.08 pounds, and acid phosphate 7.8 pounds; plots 2 and 
7 nitrate of soda 2.6 pounds, acid phosphate 7.8 pounds, and muriate 
of potash 2.08 pounds; Plots 3 and 8 nitrate of soda 2.6 pounds, and 
acid phosphate 7.8 pounds; Plots 4 and 9 nitrate of soda 2.6 pounds, 
and muriate of potash 2.08 pounds; plots 5 and 10 were checks and 
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received no fertilizers. The applications were made at this rate 
until 1915; since then the amount given to each tree has been doubled. 
In 1911, sulphate of potash was used instead of muriate, and in 1916 
and thereafter until 1920, the use of potash was discontinued because 


of the shortage during the war. 


The cultivation which was used at first after the period of neglect 
was continued until the fall of 1917 when the entire block was seeded 
to red clover. This crop was plowed under the following spring. 
In the fall of 1918, the block was again seeded to red clover. Cover 
crops of cowpeas were grown in 1911, 1912, 1914, and 1917. With 
the exception of 1911, the crops of cowpeas were light and hence 
did not furnish a good cover. Following 1918, a volunteer crop cover 
of natural vegetation, made up of grass and weeds, was allowed to 
stand. This growth was heaviest in the plots receiving acid phos- 
phate or nitrogen and was cut once or twice each season and left 
on the ground. No cultivation was practiced after 1918 on account 
of the severe washing in some parts of the orchard. After this ex- 
periment was under way, Plot 1 was discarded since it became evi- 
dent that it was an outside row and hence was more favorably 
located than the other plots. This report covers the period from 
1911 to 1924, or fourteen seasons, but only ten crops. 


The Sleepy Creek Experiment 


This experiment was started in the spring of 1913, in the orchard 
of S. H. Fulton, now owned by the American Fruit Growers, In- 
corporated. The soil is a shallow Holston loam with a shale subsoil. 
The humus content was low and during dry periods in summer the 
trees often showed a moisture deficiency. The part of the orchard 
in which this experiment was located was planted in blocks of five 
rows each of Grimes, Ben Davis, and York. The ten plots of the 
experiment run crosswise of these varieties, making five trees of each 
variety in each treatment. The plot arrangement was similar to the 
Rome experiment but two additional check rows were added. The 
different combinations of fertilizers and the rate of application from 
1913 to 1924, inclusive, are given in Table 1. 
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TABLE 1.—Fertilizer Applications and Plot Treatments in the 
Sleepy Creek Experiment with Grimes, Ben Davis, and 


York. 
a Ee Fertilizer Application in Pounds per Tree** 
ee eee 1913-1919 | 1920 | 1921-1922 | 1923 | 1924 
| | 
TEU ROMANE S| Se eee teste ee etme ; a | ae | 
2 INER ATOM OE B80 as ecc-ccnceeeeee ee 1.5 3.0 4.0 5.0 6.0 
ACTOS PHOS DWaAL es rece ee 2.5 2.5 8.0 8.0 10.0 
3 INDERatar OF “SOMA. oe ees 15) 3.0 4.0 5.0 6.0 
Muriate of potash* _.... 1.0 1.0 1.5 1-5 2.0 
4 | Nitrate of soda cscs L5a*. W800 40 | 5.0 6.0 
Acid phosphate .......-..... 2.5 2.5 8.0 8.0 10.0 
Muriate of potash —_____ 1.0 1.0 1.5 1.5 2.0 
| 
5 NGeid. Phosphates sc. 25 2.5 8.0 8.0 10.0 
Muriate of potash ..-.......!. 1.0 1.0 less | ies) 2.0 
6 GUNG YC ie et Pee ee eee eee 
eeNGLrabor Of SOd a) 20:25 te TS 3.0 4.0 5.0 6.0 
8 Acid phosphate ........-.....- 2.5 55 8.0 8.0 10.0 
9 | Muriate of potash ............ 1.0 1.0 1.5 1.5 2.0 
OMI CCC See eee ee | a (eee = = = 


*No potash was added for the three year period beginning with 1916 on account of the 
shortage during the war. 
** Applied at time of blooming. 


It will be seen that the amount of the fertilizers added was in- 
creased after 1920. This seemed advisable on account of the relative- 
ly light applications made during the first seven years of the ex- 
periment and because of the increased size of the trees which was 
accompanied by a reduction in the terminal growth. While the 
amount of nitrate of soda applied (1.5 pounds per tree), during the 
period of this experiment reported on in Bulletin 174, 1913 to 1919 
inclusive, was small for trees nine to sixteen years old, it will be 
seen by referring to Table 5 that the terminal growth during these 
years was adequate. 

The orchard in which this experiment was located was cultivated 
each year. In late July or early August a cover crop was sown 
annually; some seasons this was good and others light. From 1919 
to 1922, inclusive, red clover was sown. Since then rye has been 
used. The planting distance was 25 feet each way. It will be seen 
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from Table 5 that the trees were making a satisfactory growth at 
the beginning of the experiment. From the first this orchard was 
plowed each year in early spring with frequent cultivation later with 
disc or harrow. In later years in certain parts of the orchard soil 
erosion was serious and more recent plowings, especially the last 
one, resulted in rather serious root cutting on trees in the shallower 
soils (Dorsey and Knowlton 1924). The cultivation was in one di- 
rection, following the contours, until in the last two years when cross 
cultivation was also practiced. A contour map of this experiment is 
shown in Figure 1. 

These trees were pruned to the open head system with five to 
seven scaffold limbs. In 1915, the terminal twigs were headed back 
which resulted in thickening the top. Since then some thinning out 
of the top has been necessary. This kind of pruning gave a type 
of tree which was sufficiently open but which was inclined to have 
long branches with laterals too far away from the head. 


The Rome Experiment 


This experiment was started at Sleepy Creek in the orchard of 
S. H. Fulton in 1911. On account of the fact that the experiment 
at St. Marys was also with Rome, but with older trees, this experi- 
ment was referred to in Bulletin 174 as the “Young Rome Experi- 
ment.” Since this term might be misleading now, it will be referred 
to in this bulletin as the Rome Experiment. The trees were only 
one year old at the time the first fertilizer applications were made. 
The planting distance was twenty-four feet on the quincunx plan. 
The soil in this plot is classified as a Holston silt loam, and was 
fairly high in fertility, as shown by the following analysis taken froin 
Bulletin 168. In parts of 2,000,000 pounds of soil at plow depth, 
nitrogen ran 2,110 pounds, phosphorus 608, and potassium 22,840. 
The initial fertility may be partly accounted for by the fact that this 
orchard was planted in “new ground.” 

The amounts of each fertilizer were increased in 1921. As in 
the other experiments no potash was applied for the three-year period 
beginning with 1916. 

Cultivation has been practiced each year since the orchard was 
started. The intercrop the first two years was corn. Since then 
clover, or that failing, a growth of weeds was allowed to cover the 
ground in late summer and fall and plowed under in the spring. 
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TABLE 2.—Plot Arrangement, Treatment, and Rate of Application 
of Fertilizers in the Rome Experiment at Sleepy Creek. 


Fertilizer Applications in Pounds per Tree* 
vile ar acent 1911-13 | 1914-15 | 1916-19 | 1920 | 1921-24 

al Niinatemoneso Cale. LS 1.00 5) 1.5 4.0 
Acid phosphate ..........-.---- 1E25 ABSA) aby) 15 4.0 

2 Nitrate of sodanee===—= pis STAD) pe 225 2.5 8.0 
Muriate of potash ............ 50 Salad tees aK I eles 

{ 

3 INET eo ENSO Came teens te OO 1.5 | 15 4.0 
Acid phosphate .............. 2 Se melee | eo ee 8.0 
Muriate of potash ............ .50 Refi Pg Be eee 1.0 1/5) 

4 Acid. phosphate .........-...... 1.25 ark | 2.5 25) 8.0 
Muriate of potash ............ 50 Beis (MS Sete | 1.0 | 1.5 

5 (GlaWe7c) fee eee re ie a eereree|| Messer) Peace) Madecce | ea oe Mallee eee 

6 INpliaeehie: vone Slovo) ee 75 1.00 ay |) eas) 4.0 

| 
tf Acide phosphate f= == 1.25 Tass 2.5 | as 8.0 
8 Muriate of potash —---- 50 oS 2S, ai 0) 15 


*Applied at time of blooming. 


During the years 1919 to 1923, red clover only was sown as a cover. 
In 1924, the plots were seeded to crimson clover. The cover crop 
growth was not sufficiently heavy, in general, to account for the 
uniformity in tree growth and the trees to date have not been suf- 
ficiently productive to draw heavily upon the relatively high initial 
fertility. The close planting even with the size of tree now reached 
has no doubt made it possible for cross feeding to take place between 
the plots. If this has taken place it has made no difference between 
the general appearance of these trees and the others in the orchard 
immediately adjacent. Because of this possibility however, and 
because there is but one check plot, the experiment has been dis- 
continued. 


In the earlier years of this experiment some heading back was 
practiced. This resulted in a relatively thick growth in the top. 
Since then the pruning has been light and has consisted, for the 
most part, of thinning out. 
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Cultural Experiment on the Horticultural Farm 


The cultural experiment at Morgantown was started in the 
spring of 1917 with the object of making a study of some of the 
different systems of orchard management in use in West Virginia. 
The project was planned to study the variations encountered in the 
two general methods of orchard culture, namely, permanent sod and 
cultivation. Mine drops occurred in Plots 2, 3, and 4 in 1923, and 
a fire was accidentally set during the spring of 1923 in Plots 10 and 
11. These two accidents made it necessary to discontinue this ex- 
periment according to the original plan. 

The general plan of this experiment can be seen in Table 3, 
where the treatment of each plot is given. In plots 1 to 4 annual 
cultivation with a cover crop, either leguminous or non-leguminous, 
was practiced each year. In these plots manure, nitrate of soda, and 
acid phosphate were entered as variables. Plots 5 and 6 were inter- 
mediate between cultivation and a permanent sod. In the six plots 
remaining, the treatments called for a permanent sod of either grass 
or alfalfa, in which fertilizers, manure, and mulch were entered as 
variables. In this series, the trees were subjected to treatments 
in which the moisture and nitrogen relations were varied in several 
ways. 

The trees in this experiment were trained, for the most part, to 
four scaffold limbs with a central leader bearing three or four later- 
als. The head was formed approximately twenty inches from the 
ground with the second story from thirty-six to forty-eight inches 
above the main scaffold branches. An attempt was made to prune all 
plots uniformly each season, but it was necessary to cut somewhat 
heavier on the cultivated plots because of the greater growth of 
both laterals and water sprouts. The kind of pruning can best be 
described as a light to moderate dormant pruning. The trees were 
planted thirty feet apart each way on the diagonal and when set 
were one year old and were carefully selected for uniformity. 

The cultural program was for the most part, carried out as 
scheduled. Some variations, however, were necessary. In Plot 5, 
where it was planned to have sod and cultivation alternate in the 
rows, it has been difficult to get an even stand of grass during dry 
seasons. On account of this the treatments were not alternated an- 
nually as planned, but were alternated biennially. This resulted in 
a rather uneven growth of the cultivated and the sod sides of the 
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trees. An error was made in the application of manure in 1923 
to plot 3, when row 5 of Plot 2 and row 6 of Plot 3 received the 
application instead of rows 6 and 7 of Plot 3. The grass was cut three 
times each season in the sod plots and left on the ground as it fell. 
The strip cultivated in the tree row in Plot 6 was twelve feet wide. 
In Plot 11, the mulch of wheat straw was four to six inches thick and 
was about ten feet in diameter. The alfalfa in Plots 7 and 12 grad- 
ually became thinner after seeding, but was not renewed during the 
period of this report. The applications of nitrate of soda, acid phos- 
phate, and manure were made evenly over the entire area of the 
plots. 


THE EFFECT OF FERTILIZERS AND CULTURE ON 
GROWTH 

The response of the trees in these experiments to the different 
treatments was determined each season by measuring the growth 
of the terminal twigs and the enlargement of the trunk. In addition 
to these two measurements, the size of the trees in the different plots 
of three of the experiments was determined at the end of the period 
reported upon. These three indices of tree response were selected 
as a means of comparing the growth under a given treatment with 
that of the checks or of another treatment. The data under these 
three headings are presented in the foregoing order. 

Terminal Twig Growth 

In taking the terminal twig measurments presented in the fol- 
lowing tables, ten terminal twigs were selected at random from the 
limbs around the sides of each tree in a plot. In making the measure- 
ments in the orchard a fifty foot cloth tape was found to be most 
convenient because at the tenth measurement the total could be 
read directly and entered into the records. The average length of 
the terminal growth was computed for each tree. From these aver- 
ages, the average twig length for the plot was then obtaincd. 

The St. Marys Experiment.—T wig growth measurements were 
not taken on all of the trees of the St. Marys experiment until 1918, 
although data were presented in Bulletin 174 on the growth rate. of 
twigs in Plots 2 and 5, for the years 1911 tc 1919 inclusive. The 
earlier results showed a marked increase in growth in check Plot 
S, as a result of the rejuvenation treatment, but there was a still 
greater growth, averaging three inches more, in Plot 2 which re- 


ceived a complete fertilizer. 
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TABLE 4.—Effect of Fertilization on Terminal Twig Growth in the 
St. Marys Experiment. 


| 


Average Shoot Growth in Inches per Plot Based 


Plot Treatment on Ten Growths Per Tree ny Av’gé. 
1918 | 1919 | 1920 | 1921 1922 | 1923 | 1924 
2 NUPEK 10.20 7.16 8.45 3.33 4.73 4.24 3.28 5.90 
3 Ne 9.70 7.36 Wel 2.86 3.88 3.50 2.33 5.33 
4 N K 9.60 ; 5.68 6.60 2.94 3.94 3.72 2.87 5.05 
5 Check 6.20 3.34 4.22 aya sea 1.64 0.95 2.79 
6 Riek 7.30 4.60 5.35 1.98 1.90 1.85 19m 3.41 
t INGE 9.80 7.06 8.57 2.67 4.09 3.23 1.87 5.33 
8 INGE | 10.20 6.99 8.60 2.83 4.60 2.95 alleys 5.41 
9 N K 9.30 6.66 6.30 2.85 3.30 3.13 aegis 4.75 
10 Check | 6.20 Se) 3.33 1a 1.23 0.99 0.65 2.46 


The complete record of terminal twig growth in the St. Marys 
experiment, from 1918 to 1924, is given in Table 4. The results show 
substantial increases for all plots receiving nitrate of soda (see Figure 
2). Plot 6, to which acid phosphate and muriate of potash were ap- 
plied, made terminal growths slightly better than the adjacent check. 
The odds, however, calculated by Student’s method (Student 1918, 
Love 1924), were 87:1, which indicated a significant difference.* 
The best plot in the experiment was number 2, which received a com- 
plete fertilizer. It was on lower ground and undoubtedly had more 
fertile soil. When the terminal growth made in the last four years 
of the experiment is compared with that of the earlier years after 
the treatments were begun, it will be seen that there was a marked 
reduction in twig growth. In the nitrated plots this reduction in twig 
growth accompanied increased production, lighter pruning, and also 
a larger size of tree. In the plots not receiving nitrogen the decreas- 
ing growth undoubtedly indicates progressive stages in soil exhaus- 
tion. 

The Sleepy Creek Experiment.—In Table 5, the average terminal 
shoot growth is given for 1913 to 1924, the period when these trees 
were from nine to twenty years of age. The measurements were 
not made in 1915 on account of the heavy pruning given the trees 
that year. The average growth under each treatment for the entire 
period was not computed, as the rather wide differences in annual 
growth make this figure of little value. 


“Odds of 87:1 mean that the odds are 87 to 1 against the possibility of a difference ag 


aye “ this occurring due to chance alone. These odds must be at least 30:1 to be sige 
nificant. 
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The responses to the different treatments were studied by Stu- 
dent’s method. In using this method a “theoretical or calculated” 
check was made the basis of comparison, that is, each check was 
computed from the values of the two nearest checks, the value being 
proportional to the relative distances from the plot to be compared. 
When comparisons are made in this way and the odds computed, it 
will be seen that the only consistent responses to fertilizers have 
been made by Ben Davis. In this block all applications containing 
nitrate of soda showed significant increases in twig growth. In the 
Grimes block the plot to which nitrate and phosphate have been 
applied is the only one that showed a significant increase. In the 
York block only the nitrate plot showed a significant response. It 
should be noted, however, that all plots receiving nitrate showed odds 
in favor of the treatment. This is not true for the plots receiving 
potassium or phosphorus. 

The Rome Experiment.—The average terminal twig growths in 
the thirteen-year-old Rome block at Sleepy Creek are shown in Table 
6. Unfortunately this experiment has but one check plot. Because of 
possible differences in soil it was thought best to make comparisons 
between contiguous plots only. 

When these comparisons were made by Student’s method, no 
treatment in this experiment showed a significant increase over the 
adjacent one. It will be remembered, however, that the soil in this 
orchard was fairly fertile and that the orchard was cultivated. When 
it is considered that twig growth on the checks averaged more than 
twenty-four inches at the beginning of the experiment in 1914, and 
more than nine inches when the trees were twelve years old in 1923, 
it is not surprising that increased growth did not result from the 
fertilizer applications. 

The Cultural Experiment.—In this experiment the influence of a 
number of treatments on terminal twig growth can be studied in 
Table 7. Sod Plot 10 was used as a basis of comparison and the 
odds were calculated according to Student’s method. Reference is 
made to both varieties in the discussion of results at the end of 
this bulletin. 

All other treatments gave significantly better growth than did 
sod. A legume cover crop in Plot 1 with Wealthy gave more termi- 
nal growth than the non-legume cover crop im Plot 2 (6321). “With 
Delicious the odds are hardly significant (25:1). These results are 
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surprising because the cover crop growth in Plot 1 was not heavy 
and do not agree with those of Oskamp (1920) in Indiana, where 
rye Proved to be a much better cover crop as measured by the or- 
ganic matter and nitrogen returned to the soil and by the tree growth. 
With Delicious in this experiment manure did not give a signifi- 
cant increase in growth (14:1) in Plot 3, when comparison is made 
with Plot 2, to which manure was not applied, but which received the 
same care otherwise. With Wealthy, however, there was a signifi- 
cant increase (75:1) from the use of stable manure in Plot 3. 

In comparing Plots 2 and 4, Delicious showed a significant dif- 
ference (36:1) in favor of the nitrate and acid phosphate applica- 
tions as did also Wealthy (30:1). At the time of writing this man- 
uscript (June 1925) very slight, if any, differences could be noticed 
in the four cultivated plots of this experiment. The trees in Plots 
3 and 4 may have had slightly darker green foliage. 

Cultivation along with nitrate and acid phosphate in Plot 4 gave 
no better growth than when these same fertilizers were applied to 
sod in Plot 8, the odds being 2:1 with both Delicious and Wealthy. 
In this experiment where manure was applied to a cultivated plot 
it did not give significantly better growth than where applied to 
sod with either Delicious or Wealthy. The soil, however, is slightly 
better in all the sod plots. These results indicate that vigorous 
tree growth can be secured and maintained at least up to bearing 
age in sod orchards by applying nitrate of soda in sufficient quan- 
tities. 

When applications of nitrate of soda and acid phosphate to Plot 
8 in sod are compared with manure applications in Plot 9, there seems 
to be a significant difference in favor of the former with Delicious, 
(42:1), but not with Wealthy, (1:1). Sod with strip cultivation 
was better than alternate row cultivation with both Delicious (34:1) 
and Wealthy (33:1). At the time of this writing the trees in the 
strip-cultivated plot were much more vigorous and have darker green 
foliage than the trees in the plot given alternate row cultivation. 

The alfalfa sod plot showed a significant increase in twig growth 
over the grass sod even though the growth of alfalfa was sparse. 
On account of the poor stand of alfalfa, however, these two plots 
cannot be considered as having given this crop a fair test in this 
location. 
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Trunk Circumference 


Measurements of the increase in the circumference of the trunk 
were taken each year on all the trees. The measurements were made 
with a steel tape, usually in late fall after growth had stopped for 
the season. In order to make the measurements as consistent as 
possible from year to year a white band at the point of measurement 
was painted on the trunk at a point about half way up to the lower 
limbs. In the older trees care was taken to remove the larger flakes 
of rough bark before making the measurement. The data for truna 
circumference in the different experiments are presented in the same 
order as that for twig growth. 


The St. Marys Experiment.—In Table 8 the records of the an- 
nual increase in trunk circumference in Rome are given for the per- 
iod 1916 to 1924 inclusive. It may be seen from either the totals or 
the annual measurements that there were consistent differences be- 
tween the plots which received nitrate of soda and those which did 
not. 


TABLE 8.—Effect of Fertilization on Trunk Circumference in the 
St. Marys Experiment 


| | Average Annual Increase in Trunk Circumfer- 
Plot Treatment 


ence in Inches | Total 
| \—Fote* | 1919 | 1921**| 1922] 1923 | 1924 |ncrease 

2 NPK 2.32 ' 79 2.29 1.39 1.22 65 | 8.59 
3 NP 2.52 99 1.42 1.28 88 60 7.69 
4 N K 1.99 5 1.34 14001) 266 23) 6.37 
5 Check 1.40 66 29 ‘i 94 25 | 405 
6 PK 1.79 27 85 ‘44 67 43 4.45 
7 NPK 2.43 89 1.70 ‘91 37 ‘90 | 7.20 
8 N P 2.10 1.02 1.75 1.06 53 ‘61 | 7.07 
9 NK 2.25 36 2.47 ‘94 15 58 | 7.35 
10 Check 1.45 46 41 72 25 figs 3:45 


*Increase for period of 1916-18. **Increase for period of 1920-21. 


All treatments showed significant increases over the checks ex- 
cept Plot 6, to which acid phosphate and muriate of potash were ap- 
plied. The odds in this instance were only 2:1, which is not signifi- 
cant. The results from the fertilizer applications in this experiment 
as measured by the increase in trunk circumference correspond in 
general with the differences shown by terminal twig growth. The 
differences between the nitrogen plots were probably due to soil 
variations. 
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As pointed out in Bulletin 174, no records are available regard- 
ing the size of these trees at the beginning of the experiment in 
1911. It should be kept in mind, however, that this part of the or- 
chard was chosen for the experiment because of its uniformity. It 
seems fair to assume, therefore, that the differences existing between 
the plots at the time of this writing were due to the treatments and 
that they were cumulative from 1911 -to 1916, before the measure- 
ments were taken, and also since that time. 

The Sleepy Creek Experiment.—The annual increase in trunk 
circumference was taken each year in this experiment from 1913 to 
1924 inclusive. The data are summarized in Table 9. It will be 
seen that there are a few instances in this table where no increase 
in growth is shown. This is due to errors in measurement which 
result from irregularities in the bark or slight variations in placing 
or reading the tape; that this is the probable explanation may be 
seen by comparing the figures on either side of these errors. Such 
discrepancies, however, should not affect the totals appreciably, but 
they do influence the odds in the comparisons by Student’s method. 

A “theoretical or calculated” check was used as the basis for 
comparison in the trunk measurements as in the twig growths. The 
increases in the different plots were not consistent. None of the 
treatments in the Grimes block were significant when measured by 
Student’s method. In the Ben Davis section of the experiment ni- 
trate of soda showed a significant increase in Plots 2 and 7. In Plot 
5, which received acid phosphate and muriate of potash, the increased 
growth was significant when compared with the checks as was true 
in the plots receiving nitrate of soda. This single instance, how- 
ever, cannot be considered suggestive in view of the results of other 
experiments. A single plot of York receiving nitrogen (Number 2) 
showed a significant increase in trunk circumference. The data on 
the trunk measurements in this experiment agree in general with 
those on the twig measurements. Emphasis will be placed, later 
on, in this discussion, upon the probable reason for the general 
trend of the results in this experiment. 

The Rome Experiment.—Emphasis has already been given to 
the relatively high initial fertility of the soil in this experiment and 
also to the fact that the trees did not apparently draw heavily upon 
the available food supply. This general condition was shown in the 
data on twig growth in Table 6. 
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It may be seen from Table 10 that the general trend of the data 
on trunk circumference follows that on twig measurements in that 
no significant differences appear between the plots receiving fer- 
tilizer treatments. Up to the time of this writing this experiment 
appeared to be in the same category as those in Pennsylvania and 
New York where the initial soil fertility was sufficient to maintain 
tree growth even with considerable fruit production. 

The Cultural Experiment.—Turning now to the Cultural experi- 
ment it may be seen that the different treatments in these plots 
show as interesting differences in the trunk measurements as in the 
twig measurements (see Figure 3). The data on trunk circumfer- 
ences are included in Table 11. 

Delicious with a legume cover crop in Plot 1, although light in 
some seasons, gave a significant increase in trunk circumference 
over Plot 2, which was seeded to a non-leguminous crop each year 
(79:1). Wealthy, on the other hand did not show such an increase 
(3:1). Stable manure, in Plot 3, which was cultivated, gave no 
significant increase in trunk circumference over Plot 2, which re- 
ceived no manure, with either Delicious (13:1) or Wealthy (20:1). 
In Plot 4 (cultivated) acid phosphate and nitrate of soda were not 
significantly better than was cultivation and a non-leguminous cover 
crop in Plot 2 with either Delicious (13:1) or Wealthy (21:1). The 
odds as measured by terminal twig growth were significantly in 
favor of Plot 4. 

There were no significant differences in trunk circumference 
between cultivation and sod (Plots 4 and 8) when nitrate of soda 
and acid phosphate were added to both, with either Delicious (7:1) 
or Wealthy (9:1). When stable manure was added to both instead 
of nitrate of soda and acid phosphate (Plots 3 and 9), there were 
significant increases over sod with both Delicious (38:1) and Wealthy 
(272:1). In Plot 9, manure gave about the same increases in trunk 
circumference that nitrate of soda and acid phosphate gave in Plot 
8. Alfalfa sod was not significantly better than a grass sod in this 
orchard. Strip-cultivation was not significantly better than alternate 
row cultivation with either Delicious (18:1) or Wealthy (3:1). An 
additional mulch around the trees in Plot 11 did not give a signifi- 
cant increase as compared with sod. In alfalfa Plot 7, Wealthy 
made a better showing than did Delicious, but as noted in connection 
with twig growth the alfalfa sod was not thick enough in the last 
few years to make a fair comparison with sod. 
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Size of Tree 


Measurements of tree size were made in the Sleepy Creek Exper- 
iment in the fall of 1923, in the Rome Experiment in the fall of 1924, 
and in the Cultural Experiment in the spring of 1925. It was thought 
that the size of the trees in the different plots would be a good 
measure of the end result of the treatment and that it would also 


serve as a check in studying the other growth records. Breadth of 
tree was measured with a cloth tape and height of tree with a stadia 


rod. Since these measurements showed that most of the trees ap- 


proximated a half sphere, the volume was computed using the form- 
ula V=4/3yR* where V equals the volume of the sphere. 


The St. Marys Experiment.—In the St. Marys Experiment tree 
size was greatly increased by the nitrate of soda applications as shown 
in Table 12, the average volume of tree being from two to three 
times that in the check plots (see Figure 4 on front cover). It will 
be shown later that such differences in size have a bearing upon 
fruitfulness. Plot 6, to which potash and acid phosphate were ap- 
plied, had an average tree size about the same as that of the adjacent 
check, (Plot 5). This is surprising in view of the increased growth 
of grass and clover that resulted from the use of phosphate. The 
nitrogen deficit in this soil was very large and apparently the 
amounts being added by the clover over the ten year period were 
not sufficient to affect the size of the tree. Differences in tree size 
between the plots receiving nitrogen may be attributed to varia- 
tions in initial soil fertility. 


TABLE 12.—Effect of Fertilization on Tree Size in the St. Marys 
Experiment (1924). 


Plot Number ra ede 4 5 6 a 8 9 10 


a eee ee ees eee ee ES ee eee 


Treatment NPK/;} NP | NK |Check] PK |NPK!] NP | NK | Check 


Average Volume | 6707 | 6639 | 6267 | 4061 | 3674 | 5649 | 5445 | 4861 | 2026 
Of Top) (cu: tt.) 
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; The Sleepy Creek Experiment—In Table 13 are given the tree 
sizes in the Sleepy Creek Experiment. The values are not averages, 
but are the actual tree volumes in cubic feet computed from measure- 
ments taken in the 
fall of 1923. Stu- 
dent’s method was 
used again to de- 
termine whether or 
not any of the fer- 
tilizer treatments 
significantly in- 
creased the size of 
tree. Results, in 
general, corrobor- 
ate those from ter- 
minal twig and 
trunk —circumfer- 
ence measure- 
ments. None of the 
treatments consist- 
ently increased the 
size-of the trees. [t 
will be noticed that 
a wide vaiiation ex- 
isted in tree size 
even in the same Fig. 5.—Tree Injured by Root Cutting in Sleepy 
plot. This would Creek Experiment. 
indicate that factors other than the treatments, such as soil varia- 
bility, root injury, and possibly a stock relationship, were also in- 
fluencing tree growth. A number of pictures were taken of trees 
believed to have been injured by root cutting. One of these trees 
*s shown in Figure 5. At the time this picture was taken on July 
25, 1925. the leaves were smaller and many were falling on the side 
where deep cultivation had been practiced. 


The Cultural Experiment.—The effects of the different soil and 
fertilizer combinations.on tree size in the Cultural Experiment are 
given in Table 14. See also Figures 6, 7, 8, and 9. Comparisons 
were made of the different treatments by computing the average or 
mena tree volume in cubic feet. The probable error of the mean 
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TABLE 13.—Effect of Fertilization on Tree Size in the Sleepy Creek 
Experiment. 


ra Tree Volume in Cubic Feet for Odds in Odds in 
*|Plot| Treatment Trees Numbered Favor of Favor of 
$ {= (slain ete sie Treatment Check 
1 Check 5268 | 7501 | 4496 | 5116 
2 INGE: 6928 | 8740 | 8579 188:1 
w| 3 NK 6518 | 53885 | 6254 | 8740 6:1 
eC; 4 NPK 4601 | 6518 | 6789 | 4189 race 
= 5 PK 9070 | 5153 | 8904 | 5039 | 8904 16:1 
6 6 Check 3354 | 4927 | 7799 | 4927 
ra N 5747 | 8904 | 7649 5385 8:1 
8 12) 8904 | 2223 | 6789 | 4290 | 2638 even 
9 K 6695 | 3803 | 2566 | 5039 | 4601 Pagal 
10 Check 13047 | 3185 | 3619 | 3354 | 1796 
rll al Check 2494 | 2864 | 2943 | 2424 | 3619 
Ta 4 NP 6124 | 5268 | 51538 {12626 | 6518 ayo il 
Py 3 NK 5747 | 53885 | 66538 8105 98:1 
4 INGER 4708 | 4817 | 3993 | 7649 |11812 8:1 
5 5 12) 186 4290 | 2032 | 5153 | 8419 | 3993 even | 
m| 6 Check 3103 |-5385-| 7649 | 5153 | 4817 
7 N 6124 | 4601 | 1103 | 7649 | 6124 even 
8 1? 3803 4290 | 3529 | 7355 even 
9 K 2788 | 4601 | 2788 | 43892 | 4927 Pasa 
10 Check 3022 3529 | 4091 | 4496 
il Check 7649 | 6789 | 43892 | 3993 | 5997 
2 INGE 8419 | 4189 | 5997 | 4817 | 6518 even 
3 NK 6928 | 6254 | 6653 | 6254 | 4496 even 
wal NPK A927 | bids | 61124 | 7799 | 8579 PALS 
S| IDRC 4091 | 4927 | 2223 | 3993 | 4290 54:1 
>| 6 Check 7951 | 5997 | 6124 | 4290 | 6124 
oy N 5385 |10657 | 8579 | 8419 9:1 
8 12 5153 | 4290 | 1527 | 2424 | 3441 103:1 
9 K 4927 | 2638 | 1971 | 3354 | 2032 40:1 
10 Check 3803 | 3803 | 4817 | 8419 


was determined by using Bessel’s formula. The average size of trees 
as indicated by trunk circumference and twig growth was greater 
in all plots which received fertilizer or cultural treatments than it 
was in the untreated or sod plot. The different treatments were 
also compared using the probable error of the difference.* When 
a legume cover crop was compared with a non-legume cover crop 
by this method (Plots 1 and 2) a significant increase in average tree 
size was shown with Wealthy (142:1) but not with Delicious (2:1). 
Anthony and Waring (1925) in Pennsylvania, with sixteen year old 
Stayman, found a significant increase in growth with a leguminous 
over a non-leguminous cover crop. Stable manure gave a signifi- 
cant increase in tree size in Plot 3 over Plot 2 with Delicious (267:1), 
but not with Wealthy (22:1). Annual cover crops of rye were sown 


*This is found by taking the square root of the sum of the squares of the probable 
errors of the two results. To secure odds of 30:1 indicating that the difference is due to 
something other than chance, the difference must be slightly greater than three times its 
probable error. 
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Fig. 7—Average Tree in Cultivated Plot 2 Not Fertilized. 
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‘Fig. 8—Average Tree in Sod Plot 8 Fertilized with Nitrate and Acid Phosphate. 


Fig. 9.—Average Tree in Sod Plot 10 Not Fertilized. 
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on both plots. In Plot 4, however, which received annual applica- 
tions of nitrate of soda and acid phosphate, there was no significant 
increase in average tree size over the average size in Plot 2 in the 
case of either Delicious (14:1) or Wealthy (5:1). Trees in Plot 6, 
which had a twelve foot strip in the row cultivated were not sig- 
nificantly larger than trees in Plot 5 which was given alternate row 
cultivation. Manure in Plot 9 and nitrate of soda and acid phos- 
phate in Plot 8 (both in-sod) strikingly increased the average size of 
tree as compared with Plot 10 which was in sod but did not receive 
any fertilizer. The trees on each of the fertilized cultivated plots 
obtained an average tree size significantly larger than the average 
in either sod Plot 8, which received nitrate of soda and acid phos- 
phate, or sod Plot 9, which received manure. There were no sig- 
nificant differences, however, when tree size in the fertilized sod 
plots was compared with that in Plot 2, which was cultivated and 
had an annual cover crop of rye but was never fertilized. 


TABLE 14.—Effect of Treatments on Tree Size in the Cultural Ex- 


periment. 
Average Volume of Tree in 
Plot Treatment | Cubic Feet, 
Delicious Wealthy 
1 Cultivation and legume cover crop 1500+108 1301+67 
2 Cultivation and non-legume cover 1299+58 887+76 
crop 
3 Cultivation, manure, and non- | 1759 +89 1307+121 
legume cover crop | 
4 Cultivation, nitrate, phosphate, eu 1618+102 1133+81 
non-legume cover crop 
5 Sod and alternate row cultivation | 813+76 639+57 
6 Sod and strip cultivation 975 +92 829+73 
ib Alfalfa sod 760+37 597+44 
S75 Sod, nitrate, and acid phosphate 1045+73 916+112 
9 \Sod and manure 850+109 (S225 oe 
10 Sod 244+20 441+40 
ia Sod and additional straw mulch Discarded Discarded 
12. ‘Alfalfa sod 497+63 474473 


EFFECT OF FERTILIZERS AND CULTURE ON FRUIT- 


FULNESS 


In the preceeding section attention has been directed to the 
influence of the different variables in the treatment upon tree growth. 
A particular treatment may increase the growth of a tree but if it is 
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not accompanied by increased yield, either actually or potentially, 
it is of questionable value from the practical standpoint. The in- 
fluence of the different treatments upon fruitfulness was studied 
in these experiments by bloom, set and yield, and color and size of 
fruit. They are taken up here in the order given. 


Bloom and Set 


The St. Marys Experiment—Table 15 includes the bloom and 
set records in the St. Marys experiment for the past three years. 
In Bulletin 174, it was shown that over a period of four seasons 
the bloom in the nitrated plots was somewhat heavier than in the 
other plots. The amount of bloom was figured for each tree 
(Table 15) and these amounts were then averaged for the plot. 
In the spring of 1918 when the bloom was heavy, actual counts were 
made of flowers at bloom. From these counts the set was obtained 
after the “June drop”. That year in the nitrated plots receiving acid 
phosphate the set was 5.16 to 6.66 per cent of the total bloom, while 
in the check and nitrated plots receiving potash the set was 3.08 
and 3.25 per cent, respectively. Acid phosphate and potash in Plot 
6 did not increase the set (2.98 per cent) over that of the check. 


TABLE 15.—Effect of Fertilization on Bloom and Set in the St. 
Marys Experiment. 


Per Cent Bloom Per Cent Set Per Ct. 

Plot Treatment Set 
1922* | 1923 1924 |1923** | 1924+ | 1923}+ 

2 IND PES 86.3 58.2 19.6 54.3 25.0 18.2 

3 NP S20 57.0 20.9 56.1 20.4 27.6 

4 NK 75.0 53.6 31.0 63.6 UBS 25.5 

5 Check 59.8 29.3 28.8 45.0 16.8 14.2 

6 TPES 76.0 20.2 29.4 38.2 8.5 13.9 

i INSREK 82.2 57.0 22.1 56.3 19.7 23.6 

8 N P 85.2 60.0 19.4 56.6 31.0 | 36.5 

9 NK 68.9 38.8 37.6 60.0 14.0 30.6 

10 Check 46.2 12.4 27.9 35.5 (Sian eel oe 

Average Nitrogen Plots 79.3 54.5 24.1 57.6 19.8 26.3 

Average Minus Nitrogen Plots} 60.7 20.6 28.6 40.7 1122) 15.4 


*Blossoms killed in bloom. 
**Count made on May 22. 
tCount made on June 6; no later count made. 
7{Count made on June 22. 


In the years 1922 to 1924, inclusive, the set was studied by still 
another method. In determining the “per cent of bloom”, in Table 
15, representative limbs were selected, tagged, and the total number 
of growing points, both terminals and spurs, counted. The number 
of these growing points bearing flowers was then obtained. The 
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per cent of bloom was then computed from these two values for 
each limb, tree and plot. The per cent set was obtained later by 
counting the spurs and terminals which had set one or more fruits 
and was figured in terms of blooming growing points. 

In studying the data in Table 15, it may be seen that bloom 
and particularly the set was increased by the nitrate applications. 
In the check plots even when the bloom was light most of the flowers 
fell. Where muriate of potash and acid phosphate were added (Plot 
6) neither the bloom nor set was influenced appreciably. Considering 
the increase in the size of the trees and the increased bloom and set in 
the nitrated plots when compared with the checks, it is evident that 
these differences came about as a result of the nitrate applications, 
a fact which has an important bearing upon production. 

In addition to the increase in the bloom and the set, marked 
differences were also noticeable in the blooming period in this ex- 
periment. While flowers began to open at about the same time on 
all plots, the blooming extended over a longer period in the nitrated 
plots. The extension of this period was primarily a result of the 
later opening of flowers on long terminals and laterals, of which 
there were many more in the nitrated plots. Flowers from lateral 
buds seldom set, however, except when spur and terminal bloom 
were killed by low temperatures. 

The Sleepy Creek Experiment—It was difficult to secure 
accurate data on blom and set in this experiment because the 
bloom was so scattering in each of the three varieties. While 
records were taken, the great variability encountered each season 
in the amount of bloom in all plots made it impracticable to analyze 
the data statistically. Figure 10 is a diagram of the estimated bloom 
of each tree in the Grimes block of the experiment for 1924. Broken 
lines surround areas in tops while solid lines surround areas in lower 
parts of trees. 

The trees in the plots of the other varieties showed much the 
same variability. In some trees the bloom was scattered over the 
satire tree and in others it was limited to one or more limbs. The 
dullest bloom céccided oft any tree in the block for the year was 
70 per cent. Four trees did not bloom. The bloom record was taken 
in this manner only the one year, but in previous years also bloom 
was irregular and scattering. It is evident that this condition would 
have a direct bearing upon production and this should be kept in 
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mind in studying the yields. The factors entering into this abnormal 
situation will be discussed in more detail later. 

The Cultural Experiment.—The trees in the Cultural experiment 
were just beginning to bear in 1924. Under the conditions of the 
experiment, Wealthy came into bearing earlier than Delicious, 
although planted alternately with it. A few of the Wealthy trees 
bloomed in 1923, but in 1924 both varieties had what might be 
called a scattering bloom, with more on Wealthy. The flowers 
on Wealthy were nearly all axillary with a few terminal on 
the longer growths, while on Delicious the bloom was on spurs. 
Contrary to what might have been expected, the cultivated part of 
the orchard produced the more bloom. It was interesting to note 
the amount of the bloom on Wealthy in the cultivated plots just as 
the trees were coming into bearing: In Plot 1, the average number 
of flowers per tree was forty-two; in Plot 2, fifteen; in Plot 3, 105; 
and in Plot 4, thirty-five. The bloom was scattering on Delicious in 
the cultivated plots. In sod Plots 8 and 9, the bloom was still 
lighter, and it was only scattering on the other trees of the experi- 
ment. This early bloom set fruit and showed an interesting tendency 
in this experiment. 


Yield and Size 


The yield records were taken each crop-year in either bushels 
or pounds. In the earlier report (Bulletin 174) some attention was 
also given to color under the different treatments, but since then 
the records were limited to quantity and size of fruit. Because the 
trees are just coming into bearing in the Cultural Experiment, yield 
records for this experiment are not included in this report. 

In general, it may be said that yield is not as consistent a criter- 
ion to use in gauging the effects of different treatments in an orchard 
as is growth or even bloom, because the crop is so often reduced by 
frosts, freezes, hail, drouth, or fungus diseases and insect injury. 
The results from any plot experiments are also of necessity influ- 
enced by the condition of the orchard. Nevertheless, since the suc- 
cess of an orcharding enterprise must in the end be measured by 
yield, the production in the different treatments in these experiments 
is recorded here regardless of the irregularities in the crops from 


year to year. 
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The St. Marys Experiment—In Table 16 the yields in the St. 
Marys experiment are summarized for a twelve year period. It 
will be noted that the crop was destroyed by frosts three times 
during this period, two of which occurred in succession. 

In studying this table it may be seen that the nitrate applica- 
tions had a marked and consistent influence on yield. On the other 
hand, muriate of potash and acid phosphate (Plot 6) were seemingly 
ineffective in increasing the yield. In both checks and the potash- 
phosphate plot there was an increase in production up to the crop 
year of 1915, but after that there was a constant decline to an ex- 
tremely low figure in 1924. In 1915, the third year after the re- 
juvenation program was started, the yield was heavy in all of the 
plots, but especially so in those receiving nitrate of soda. In com- 
paring the crop of 1915 with that of 1923, it will be seen that while 
the yield in the nitrated plots was not much different there was a 
marked decrease in the yield of the checks and Plot 6 which was fer- 
tilized with potash and phosphate. This contrast further emphasizes 
the influence of the nitrogen in maintaining both vigor and produc- 
tion. The total yield in bushels in the nitrated plots gives another 
measure of this influence over a long period of time. 

The Sleepy Creek Experiment.—The general trend of the influ- 
ence of nitrogen in this experiment was not so clear as in the St. 
Marys test. Emphasis has already been placed upon the scattered 
bloom in these plots, so it would hardly be expected that resuits 
measured by yield would differ materially from those measured 
by bloom. 

When the yields since 1921 are studied, more uniform differ- 
ences in favor of the nitrated plots are evident. As has been stated, 
the nitrate applications were increased in 1921 from 1.5 pounds to 
three pounds per tree, and in 1922 to four pounds per tree. Still 
later, in 1923, five pounds per tree were applied, and this amount 
was again increased in 1924 to six pounds per tree. In spite of the 
irregularities in soil in this plot and the limits placed upon root 
activity by shallow soil, erosion, and with some trees root cutting 
from cultivation, the nitrate applications seemed to be building up, 
fairly consistently, more productive trees. This was more notice- 
able with Ben Davis than with Grimes or York. Further considera- 
tion is given to this experiment in the general discussion. 

The Rome Experiment.—In the Rome Experiment at Sleepy 
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TABLE 18.—Effect of Fertilization on Total Yield in the Rome 
Experiment. 


Yield in Pounds 

Plot = 
dll Teeatment 1918 1919 1921 1924 =| Total 
1 NP 167 _— 39 A 1115 2081 
2 NK 16 13 229 783 | 1041 
: NPK 169 21 2038 998 | 1891 
PK 6 13 267 1144 | 1430 
a Check 24 4 160 429 | 617 
N | 2 5 262 476 | 745 
Ii P | 46 13 361 730 | 1150 
8 K 6 4 403 429 | 842 


Creek only four crops of fruit were harvested. The yield in pounds 
for the entire period is given in Table 18. 

The results of this experiment, measured in terms of yield, cor- 
respond, in general, to those for twig growth or trunk circumference. 
While all the plots gave an increase in yield over the one check, 
the responses were so inconsistent that no conclusions can be drawn. 
Apparently in this particular location the initial reserve of food sup- 
ply was sufficient, although the possibility of cross-feeding has, as 
previously noted, made it necessary to discontinue this experiment. 

Effect of Nitrogen on Size—The fruit harvested in the Sleepy 
Creek Experiment was graded each year. The sizes of the grades 
are shown in Table 19. For briefness in presentation, the weights 
in the different grades of the three varieties, Grimes, Ben Davis, and 
York were thrown together. 

None of the treatments consistently increased size. If a still 
broader grouping is made of all of the varieties into the “nitrogen” 
and “non-nitrogen” plots, it may be seen that still no consistent in- 
crease in size of fruit resulted from the nitrogen applications. When 
rainfall during the summer months is considered, however, a marked 
relationship may be discerned between the nitrogen applications and 
size. This may be best seen by comparing the percentages in the 
different grades in 1921 with those of 1924. 

In 1921 more than seven inches of rain fell during August as 
compared with less than two inches in 1924 (see Table 20). The 
fruit in the nitrogen plots was larger in 1921 and smaller in 1924. 
The increased size of fruit in the plots not receiving nitrogen was 
very noticeable in 1924 to different observers passing through the 
orchard. A study of the grades in Table 19, with reference to the 
rainfall given in Table 20, will show clearly the effect of an 24de- 
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TABLE 20.—Precipitation During the Summer Months at Martins- 
burg Weather Station 1920-1924. 


Years | Months and Rainfall in Inches 

July | August September 
1920 2.93 | 3.68 | 3.45 
1921 2.24 7.59 3.65 
1922 5.19 2.31 1.76 
1923 3.90 | 2.92 | 3.10 
1924 2.52 | 1.76 4.13 


quate moisture supply upon size. Even the leaves had a more wither- 
ed appearance in the nitrated plots during the dry season. Apparent- 
ly under the conditions of a moisture deficiency the larger leaf area 
of the nitrated trees was drawing more heavily from the developing 
fruits than was the smaller leaf area of the non-nitrated plots. 


DISCUSSION 


The responses in growth and yield that the trees in the four 
experiments made to the different soil and fertilizer treatments have 
been presented and commented upon separately. Some of the more 
general features of these experiments will now be taken up. 

In the St. Marys Experiment nitrate applications influenced the 
trees in three ways: (a) bloom and set of fruit were increased; (b) 
growth, whether measured by twig extension, increase in trunk cir- 
cumfefénce, or size of tree, was consistently and significantly in- 
creiscd; (c) the yield was increased. It seems safe to conclude, 
therefcre, since these results agree with those of experiment stations 
in neighboring states, that growt!. and fruitfulness in sod orchards 
will be markedly and profitably increased by nitrogen applications, 
especially on the less fertile soils. 

In contrast to the results in the St. Marys Experiment the trees 
in the Rome Experiment did not make a significant response to any 
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of the fertilizer treatments. The orchard was planted on a virgin soil 
which was more fertile than the soil in either the St. Marys or the 


Sleepy Creek orchard. ‘The trees in the untreated plots continued 
to grow vigorously so it is not surprising that they failed to respond 
to the nitrate applications. 

In the Sleepy Creek Experiment as in the Rome Experiment, no 
treatment consistently had a significant influence on either growth or 
yield. The nitrated plots had heavier, greener foliage, but tree 
growth and yield were so variable that the effect of the nitrogen 
seemingly was masked. This variability is clearly brought out by 
Figure 1, which shows individual tree yields and trunk circumference 
increases from the time the experiment was started. A study of 
this figure shows about as much variability under the same treat- 
ment as between treatments. Some of the causes for this variability 
have already been mentioned and a more detailed discussion of them 
was given in a previous publication (Dorsey and Knowlton 1924). 
It is believed, however, that the trend is toward greater growth and 
better yields in the plots receiving nitrate and, with time, these plots 
may be expected to forge ahead of the others. 

It will be seen, therefore, that more or less marked differences 
in growth and fruitfulness resulted from the various treatments given 
in the four orchards under experimentation. In addition to the dif- 
ferences already mentioned there are some more general features in 
these experiments which should be emphasized. 


In the St. Marys experiment the trees in the plots receiving 
nitrate had heavy, dark green foliage in contrast to the small pale 
green leaves of other plots. This difference was also noticeable in 
the Sleepy Creek experiment with Grimes, Ben Davis, and York, 
but the differences were not so evident as at St. Marys. In the 
Rome experiment slight differences in foliage color or in leaf-fall 
could be seen in some years between the nitrated and non-nitrated 
trees, but not in others. 


Theoretically, the increased clover growth in Plot 6 of the St. 
Marys experiment which received acid phosphate and muriate of 
potash should have returned sufficient nitrogen to the soil over a ten 
year period to increase markedly the vigor of the trees. Actually, 
the color and size of the foliage was about the same as on check 


Plot 5. 


August, 1926] FERTILIZATION OF APPLE ORCHARDS 48 


In the Cultural Experiment the trees in the four cultivated plots 
(1 to 4) and the sod plots (8 and 9) receiving acid phosphate and 
nitrate of soda or stable manure appeared to be of equal vigor al- 
though the trees in the fertilized sod plots were smaller. The trees 
in the strip-cultivated Plot 6 were more healthy and vigorous than 
those in the alternate row cultivated Plot 5. The growth of the 
rye cover crop in Plots 3 and 4 was very luxuriant as compared to 
the rather weak growth-on Plots 1 and 2. It seems probable that 
this continual returning of organic matter to the soil may ultimately 
result in a greater tree growth. 

In the Cultural Experiment the several treatments were begun 
when the trees were set out. The results, therefore, should throw 
some light on orchard soil management up to bearing age. The 
trees in the unfertilized sod plot made the least growth. At the 
time of this writing they were in the “old tree” condition with small 
yellow foliage and weak unfruitful spurs. The adjoining plots fer- 
tilized annually with nitrate and acid phosphate, or stable manure, 
responded in a striking manner to these treatments. Average tree 
size was increased from two to five times in the seven year period 
and the trees were beginning to bear at the time of this report. 
Without doubt these applications of fertilizers will prove to be 
profitable-in the immediate future. 

Plot 2, which had cultivation each year with a rye winter cover, 
made about the same growth as either Plot 8 fertilized with nitrate 
of soda and acid phosphate, or Plot 9 fertilized with stable manure, 
both plots being in sod. It is, therefore, a question whether or not 
it was profitable to cultivate in this orchard. The trees in the 
cultivated plots grew more rapidly the first few years of the ex- 
periment, but in recent years the trees in the fertilized sod plots made 
as much, and in some cases more, growth than did the trees in the cul- 
tivated plots. Undoubtedly the sod mulch, now well established, 
caused this recent increased growth because of its ability to con- 
serve moisture. Anthony and Waring (1925) noted during a dry 
season in Pennsylvania that the per cent of moisture in all the sod 
mulch plots was double that in the soil under cultivation except 
where a plot was tilled continuously, and even in this plot the soil 
had only about two-thirds as much moisture as in the grass plots. 

Plot 3, cultivated and fertilized with nitrate and acid phosphate, 
made fairly significant increases in growth over Plot 2, cultivated 
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but not fertilized. It is doubtful, however, if the increased size was 
worth the cost of fertilization. 

Lack of soil moisture and nitrogen are undoubtedly limiting 
factors in apple production in West Virginia. On the shallower 
shale soils the problem becomes more acute. The grower can supply 
the nitrogen at comparatively small cost by applying either nitrate 
of soda or sulphate of ammonia, but moisture cannot be supplied 
so easily. In the territory west of the Allegheny Mountains where 
the average annual rainfall is 40 to 45 inches, moisture conservation 
is not so important as in the Eastern Panhandle section where the 
annual rainfall is 35 to 40 inches and drouths during the growing 
season are of frequent occurrence. Where it is possible to get 
growths of grass or clover sufficient to provide a mulch of decaying 
organic matter several inches thick on the surface, it is probably as 
effective in conserving moisture as a dust mulch. 

The Ohio Agricultural Experiment Station (Ellenwood 1925) 
has shown that the cost of cultivation and cover crops in a young 
orchard averages about $15 per acre more annually than the cost 
of maintenance of a sod mulch without fertilizer. In the Cultural 
Experiment the cost of fertilization averaged about $10 an acre each 
year, leaving a balance in favor of the sod mulch system of $5 per 
acre. Undoubtedly, this balance could be increased by reducing the 
annual amount of both nitrate and acid phosphate applied without 
seriously affecting the growth of the grass. While mice may cause 
some injury to trees under the sod mulch system, less soil erosion 
occurs, the orchard can be sprayed easier during wet seasons and 
the fruit can be kept cleaner at picking time than in a cultivated 
orchard. 

These differences in the response of apple trees to different 
treatments should now be considered in the light of some of the 
more recent advances in the study of plant nutrition. Vegetative 
growth and fruitfulness have generally been thought of as heing 
opposed to each other, but the work of Kraus and Kraybill ,{918) 
has, on the contrary, clearly established their interrelation. These 
investigators postulate certain conditions regarding growth and fruit- 
fulness based on the relative amounts of carbohydrates and nitrogen 
available to the plant. 

A young tree growing vigorously in a soil well supplied with 
moisture and nitrates has a high nitrogen content and never ac- 


August, 1926] FERTILIZATION OF APPLE ORCHARDS ’ 47 


quires that surplus of plane Shae ee ican and starch) 
that seems-to be essential. for -fruit bud formation, -because’ under 
these conditions they are: constantly being. used in growth. — Appli- 
cations of nitrogenous fertilizers will keep. such ‘trees in. this vege- 
tative condition and delay fruitfulness. In .this instance’ vegetative 
_growth appears to be “opposed”: to fruitfulness. ‘Light thinning. out 
of, small branches and treatments that-result in. moderate growth 
_only will tend to bring: about. that: accumulation : of starches. and 
Sugars. that seems to be essential for fruit bud initiation. _ 

With older trees that have already begun to bear there is more - of 
a. balance between available carbohydrates and available nitrogen 
which permits moderate growth, a carbohydrate -surplus,;and_.fruit 
bud formation. With a marked decline in available nitrogen.comes 
waning vigor, larger accumulations of carbohydrates and unfruit- 
fulness. In practice, apple trees- which are bearing good crops of 
fruit cannot, except by extreme methods, be brought to the -vigor 
of young trees—the vigor that results in too much vegetative growth 
and too little fruit bud formation. In fact, in most orchards old 
enough to bear, the trees lack vigor and are unfruitful, because of 
a lack of available nitrogen. In such orchards, treatments like prun- 
ing, nitrating, or cultivating promote both growth and fruitfulness. 
Partridge (1919) found that with Jonathan, Transparent, and Stay- 
man the average yield per tree was correlated with increase in trunk 
circumference. Similar results are reported by Shaw (1924) who 
found that increased growth led to more abundant spur formation 
which in turn produced more fruit buds. 

In the experiments herein reported increased growth has gener- 
ally been followed by increased fruitfulness. This is particularly 
evident in the St. Marys experiment with Rome. Although no data 
have been presented, the trend was in the same direction in the cul- 
tural orchard—the more vigorous trees beginning to bear first. In 
a more fertile soil the opposite condition would probably result with 
these young trees. 

Color of fruit was uniformly reduced by the nitrogen applica- 
tions in these experiments. Mention of this was made in Bulletin 
174. While much of this was due to greater shading and to later 
maturity of the apples they are not the only factors involved. Apples 
fully exposed to sunlight on vigorously growing trees never acquire 
the bright lively red color to the same extent and degree that apples 
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on less vigorous trees do. This was particularly noticeable in 1925 
on Wealthy in the cultivated plots of the Cultural Experiment. 

Numerous investigators have shown that the carbohydrate con- 
tent of rapidly growing trees is not as high as that of less vegetative 
trees. Knudson (1916) and others have noted the close relationship 
between the sugar content of a plant and pigment production. It 
would seem, therefore, that the failure of fruit on highly vegetative 
trees to color well is due in part to the smaller amounts of carbo- 
hydrates present from which these red anthocyan pigments are syn- 
thesized. If this be true, thinning out the tree will but partially solve 
the difficulty. The grower, therefore, should be careful not to apply 
excessive amounts of readily available nitrogen. Experience has also 
shown that the later in the spring and early summer that these 
fertilizers are applied, the greater is the deterrent action on color 
production. 

SUMMARY 


The West Virginia experiments reported on in this bulletin 
are four in number. Tree response to the different treatments was 
determined from growth measurements, set of blossoms and fruit, 
and from yield records. A brief review of each experiment with 
the results obtained follows: 


The St. Marys Experiment with twenty-year-old Rome trees 
was started in 1911, to study the effect of different combinations 
of nitrate of soda, acid phosphate, and potash upon tree behavior. 
The orchard was cultivated until 1918 when it was seeded to grass 
and clover. The results to date show marked increases in growth, 
bloom, set of fruit, and yield from the use of nitrate of soda. Acid 
phosphate increased cover crop growth only. 

The Sleepy Creek Experiment was started in 1913 with nine 
year old Grimes, York, and Ben Davis. The effect of applications 
of nitrate of soda, acid phosphate, and muriate of potash, singly 
and in combination, were studied in this experiment. This orchard 
was cultivated and sown to annual cover crops. Nitrogen applica- 
tions seemingly benefited the trees, but due to soil variability, root 
cutting, and possibly a stock-cion relationship no consistently sig- 
nificant differences between the different treatments were evident. 

The Rome Experiment with one year old Rome trees was begun 
in 1911. Cultivation with annual cover crops was practiced during 
the duration of the experiment. The plan was similar to the plan 
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of the one at Sleepy Creek. None of the treatments consistently 
influenced either growth or yield. The soil in this orchard was more 
fertile than the soil in any of the other experimental orchards. 

The Cultural Experiment was begun in a newly planted block 
of Delicious and Wealthy in 1917 and had for its object a study 
of some of the different systems of orchard management practiced 
in West Virginia. Arranging the different treatments in ascending 
order according to total amount of tree growth resulting in the seven 
year period they stand as follows: 


1.—Sod without fertilizer. 

2.—Alternate row cultivation. 

3.—Strip cultivation. 

4.—Sod with stable manure. 
Sod with nitrate of soda and acid phosphate. 
Cultivation with non-legume cover crop. 

5.—Cultivation with stable manure and non-legume cover crop. 
Cultivation with nitrate of soda and acid phosphate and non- 

legume cover crop. 


CONCLUSIONS AND RECOMMENDATIONS 


Growth and fruitfulness can be maintained in the average bear- 
ing apple orchard in West Virginia by cultivation, or by sod together 
with early spring applications of either nitrate of soda or sulphate of 
ammonia. Stable manure, if available, may be used instead but it 
seldom can be obtained in sufficient quantities. 

The grower must determine for himself whether or not the 
trees in his orchard would be benefited by applications of nitrogenous 
fertilizers. If the terminal growths average six to eight inches and 
spur growth one quarter to one-half inches or more annually, with 
large, healthy, dark green foliage, it is doubtful if nitrogen would 
help. On the other hand if the terminal growth is under six inches 
with only a few spurs making annual growths of one-quarter inch 
or more, and the leaves tend to be small and pale green in color, ni- 
trogen is probably needed. 

In order to conserve moisture during the growing season soils 
should have plenty of humus and a surface mulch of either dust or 
decaying organic material. Cultivation and sod may be considered 


as two distinct systems of soil management with different treat- 


ments in each. 
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The Cultivated Orchard 


Cultivation can be practiced most effectively in orchards which 
are fairly level and not subject to washing. If much soil erosion oc- 
curs it will ultimately result in serious depletion of fertility. In the 
cultivated orchard soil moisture may be conserved by the dust mulch 
by preventing growth of weeds, and by keeping up the humus con- 
tent of the soil by turning under cover crops. Nitrification is greatly 
increased by better aeration and because of this, additional nitrogen 
may not be needed, or if needed, can be applied in smaller amounts. 
It is necessary that the organic content of the soil be maintained if 
moisture is to be retained and if nitrification is to proceed actively. 
The organic matter content of the soil can be maintained by turning 
under cover crops or by the application of stable manure. Various 
combinations can be used for cover crops. Experience will soon 
indicate which one is the most profitable in a particular soil type 
or locality. Rye with vetch will be found most suitable to West 
Virginia conditions. The cover crop should be sown from the first 
to the tenth of August. If soil is poor, 400 pounds of acid ptios- 
phate per acre should be applied and, in some soils, attention will 
have to be given to liming. In the spring just before rye-heading, 
the growth should be disced under. The orchard should then be 
cultivated often enough to keep weeds down and maintain a dust 
mulch until it is time to sow the cover crop again. 


In the young orchard, intercropping may be practiced to advan- 
tage using any of the cultivated crops such as corn, potatoes, or beans. 
These crops should not be grown close to the trees so that their 
roots will compete with those of the trees. A winter cover crop 
should be planted as in the bearing orchard. 


The Sod Orchard 


Bearing orchards on ground likely to wash should always be left 
in sod. In the sod mulch orchard the grass or clover should be 
cut several times a year and either left on the ground as it falls or 
placed around the trees. This acts as a mulch effective in conserving 
moisture, and decaying gradually, adds organic matter to the soil. 
In an Ohio experiment by Ellenwood (1925) the first cutting was 
raked up around the trees. Nitrates seemingly are always low under 
sod (Lyon, Heinicke, and Wilson 1923) so that additional nitrogen 
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in the form of nitrate of soda or sulphate of ammonia should be 
added to maintain growth and fruit production. As under cultiva- 
tion, the nitrate or ammonia should be applied around each tree 
three weeks or so before bloom, starting about two feet away from 
the trunk and scattering uniformly to a distance of from four to six 
feet beyond the spread of branches. An application at this time will 
increase spur growth to a greater degree than if put on later. The 
amount per tree will vary from three fo ten pounds, depending upon 
the size and vigor of the tree. If the growth of sod is light an appli- 
cation of acid phosphate broadcasted at the rate of about four hun- 
dred pounds per acre will help greatly. In the case of a legume sod in 
acid soils, liming will be of great benefit. It will be several years 
before sufficient sod growth is obtained to build up a good mulch 
of organic matter. During this period lessened growth and yield 
may result. Then as the moisture retaining quality of the mulch 
begins to operate, growth will increase again, as in the Cultural 
Experiment reported in this bulletin. Different kinds of sod may 
be used. Orchard grass has been very satisfactory in the Cultural 
Experiment. Sweet clover is being used extensively throughout the 
state. Alfalfa makes an excellent sod where it can be grown satis- 
factorily. 

In a young orchard it is doubtful if the trees should be kept 
in sod the first three or four years. If the site is such that soil wash- 
ing will occur, cultivation should be practiced along a strip four or 
five feet wide on each side of the rows of trees and perpendicular 
to the slope leaving the center in sod to hold the soil. 

Mice may often cause serious damage in the sod orchard. Var- 
ious methods of control are advocated. Poisoning has given good 
results. Where mice are not too plentiful a circular hoed area, five 
feet or more across, around the tree will keep them in check. This 
should be done in late summer or fall. 

é i i i ilizati s been one of the main 
sreienian of oe Horteera Srowors: ce Weta a See ta athe 
these experiments from time to time. The St. Marys Experiment and the Rome Experiment, 
at Sleepy Creek, were laid out by A. L. Dacy in 1911. E. C. Auchter selected the site and 
started the Sleepy Creek Experiment in TOUS: A rece ip ie cage at 
Grane Bree wee Piet aed or ric. shaw Mee Eas of the experiments for limited periods. 


i above, the following members of the department have assisted in taking 
Pee aamatont times: H. L. Crane, L. I. Knight, Ernest Angelo, K. R. Jeffries, 1B, 


Id. ; 
ene end Beer aisiien and the department are indebted to the following for cour- 
tesies and assistance during the progress of these cooperative experiments: Linden and 
Philip Reynolds of St. Marys, S. H. and M. W. Fulton of Sleepy Creek, and the American 


Fruit Growers, Incorporated. 


52 W. VA. AGR’L EXPERIMENT STATION [Bulletin 203 


LITERATURE CITED 


ALDERMAN, W. H. and H. L. CRANE. 
1920. THE FERTILIZATION OF APPLE ORCHARDS. W. Va. Agr. Exp. 
Sta. Bul. 174:1-51. 


ANTHONY, R. D. and J. H. WARING. 
1922. METHODS OF INTERPRETING YIELD RECORDS IN APPLH 
FERTILIZATION EXPERIMENTS. Penn. Agr. Exp. Sta. Bul. 173:1-42. 
ars 1925. FERTILITY IN THE APPLE ORCHARD. Penn. Agr. Exp. Sta. Bul. 
192:1-15. 
BALLOU, F. H. 
1920. ORCHARD REJUVENATION IN SOUTHEASTERN OHIO. Ohio 
Agr. Exp. Sta. Bul. 339:1-42. 


Peecesanesccescomacnsssonasceens 


1925. FERTILIZING YOUNG APPLE ORCHARDS. Ohio Agr. Exp. Sta. 
Mo. Bul. 1-2:14-16. 


BRADFORD, F. C. 
1924. NITROGEN-BEARING FERTILIZERS AND THE BEARING 
HABITS OF MATURE APPLE TREES. Mich. Agr. Exp. Sta. Spec. 
Bul. 127:1-32. 


CHANDLER, W. H. 
1925. FRUIT GROWING. Houghton Mifflin Company. 770 pp. 


COLLISON, R. C. 
1920. A PROGRESS REPORT OF FERTILIZER EXPERIMENTS WITH 
FRUITS. N. Y. Agr. Exp. Sta. Bul. 477:1-53. 


oieestattodeuctoasensetemerave and J. D. HARLAN. 
1923. FINAL REPORT ON THE COOPERATIVE EXPERIMENTS IN 
ORCHARD FERTILIZATION. N. Y. Agr. Exp. Sta. Bul. 503:1-30. 


COOPER, J. R. 
1920. PRELIMINARY REPORT ON THE EFFECT OF FERTILIZERS IN 
APPLE ORCHARDS IN THE OZARK RHGION. Proc. Am. Soc. Hort. 
Sci. 1920:190-193. 
DORSEY, M. J. and H. E. KNOWLTON. 
1924. PERFORMANCE RECORD OF APPLE TREES OVER A TEN YEAR 
PERIOD. Proc. Amer. Soc. Hort. Sci. 1924:337-342. 
ELLENWOOD, C. W. 
1925. COST OF GROWING APPLE TREES UNDER TILLAGE AND 
GRASS-MULCH MANAGEMENT. Ohio Agr. Exp. Sta. Mo. Bul. 1-2:7-13. 
GOURLEY, J. H. 
1919. SOD, TILLAGE AND FERTILIZERS FOR THE APPLE ORCHARD. 
N. H. Agr. Exp. Sta. Bul. 190:1-40. 
HEDRICK, U. P. 
1924. A COMPARISON OF TILLAGE AND SOD MULCH IN AN APPLE 
ORCHARD. N. Y. Agr. Exp. Sta. Bul. 383:249-281. 
Eee ees, 1a Sais and R. D. ANTHONY. 
1919. TWENTY YEARS OF FERTILIZERS IN AN APPLE ORCHARD. 
N. Y. Agr. Exp. Sta. Bul. 460:71-96. 
eee Rte A a Oe and H. B. TUKEY. 
1924. TWENTY-FIVE YEARS OF FERTILIZERS IN A NEW YORK 
APPLE ORCHARD. N. Y. Agr. Exp. Sta. Bul. 516:1-28. 
HEINICKHE, A. J. 
1917. FACTORS INFLUENCING THE ABSCISSION OF FLOWERS AND 
PARTIALLY DEVELOPED FRUITS OF THE APPLE. (PYRUS 
MALUS L.) Cornell Agr. Exp. Sta. Bul. 393:1-114. 


August, 1926] FERTILIZATION OF APPLE ORCHARDS 53 


KNUDSON, L. 
1916. INFLUENCE OF CERTAIN CARBOHYDRATES ON GREEN 
PLANTS. Cornell Agr. Exp. Sta. Mem. 9:1-75. 
ay E. J. and H. R. KRAYBILL. 
. VEGETATION AND REPRODUCTION WITH SPECIAL REFER- 
ENCE TO THE TOMATO. Ore. Agr. Exp. Sta. Bul. 149:1-90. 
LEWIS, C. I, REIMER, F. C. and BROWN, G. G. 
1920. FERTILIZERS FOR OREGON ORCHARDS. Ore. Agr. Exp. Sta. 
Bul. 166:1-48. 
LOVE, H. H. 
1924. A MODIFICATION OF STUDENT’S TABLE FOR USE IN INTER- 
PRETING EXPERIMENTAL RESULTS. Jour. Am. Soe. Agr. 16:68-73. 
LYON, T. L., HEINICKH, A. J. and WILSON, B. D. 
1923. THE RELATION OF SOIL MOISTURE AND NITRATES TO THE 
ee OF SOD ON APPLE TREES. Cornell Agr. Exp. Sta. Mem. 
MORRIS, O. M. and LARSEN, ROY. 
1921. ORCHARD SOIL MANAGEMENT AND FERTILIZATION. Wash. 
Agr. Exp. Sta. Pop. Bul. 121:1-23. 
OSKAMP, J. 
1920. ORCHARD COVER CROPS. Perdue Agr. Exp. Sta. Bul. 248:1-44. 
PARTRIDGE, N. L. 
1919. GROWTH AND YIELD OF APPLE TREES. Proc. Amer. Soc. Hort. 
Sci. 1919:104-109. 
RALSTON, G. S. 
1921. EFFECT OF TIME OF APPLICATION OF NITROGENOUS FER- 
TILIZERS ON TREE GROWTH, BLOOM, AND FRUIT PRODUCTION. 
Proc. Amer. Soc. Hort. Sci. 1921:118-123. 
ROBERTS, R. H. 
1920. OFF-YEAR APPLE BEARING. Wis. Agr. Exp. Sta. Bul. 317:1-34. 
SAX, KARL. 
1925. FERTILIZATION OF APPLE ORCHARDS IN MAINE. Me. Agr. 
Exp. Sta. Bul. 322:1-8. 
SHAW, J. K. 
1922. EXPERIMENTS IN SOIL MANAGEMENT AND FERTILIZATION 
OF ORCHARDS. Mass. Agr. Exp. Sta. Bul. 209-33-60. 
"1994. SOD-NITRATE vs. CULTIVATION IN THE APPLE ORCHARD. 
Proc. Am. Soc. Hort. Sci. 1924:328-337. 


STUDENT. 
1918. Biometrika 6:1-25. 


YEAGER, A. F. 
1916. A STATISTICAL STUDY OF THE FRUIT-SPUR SYSTEM OF 


CERTAIN APPLE TREES. Ore. Agr. Exp. Sta. Bul. 139:78-92. 


CR SV ER Mays eeage st Shae S Se ee eo 


7 A Se ee Bot 

ay, ry » 7 eal um ca wi = 

7 eg H Bia: the = 
Gee Mies Ay ee Avg or eae a 


a oe Ue W ceGhes ae se a ie 6r aoe Eire 
“~,, = Z = Bee: 


uy va apovugy agra ray - - 
i ; see =e an Ae th “et re = cn ict bes ey ea 7 ' 
mis so oe | Pe es OP ee ea 7 Ue eT hes 


e 


“ 


" i as BEd at ats tek 


Oa Pot tS Sa eee Wiles ee J VORA ET PR 


7 aoe . 
* = : ioe 
s & if: } = rr) a ee ard 9 el ba 
a _ 


eli CET) 


yey ie 
sae 


7 


Fi 
= Sey) c= Re Sh ey et rp od eae ee ae mee a y ee 
ol a ad 7 
_ t : 
+ ge the hae a oe P| Se 2 Paes we a 
4 + re a a 
tees oi | Ste Reape Sete te 2 ae 


oe a 
Ate ee 
a < 7 << a, ra 
ae: Re it — Sols 2 ip eh gt 
ent rs aes OR aN ewig ee Ree oe, ae ANSE Fob Sik Be eae 
~~. 7) e < 
7 a ; ~ oie eee a Pe es | 
~ Tas ae = ogee 
ee 7 
Pp he ye [ea aa? fers Pia. gia te Sete * ; za 4 


: 
fat re Lia bo P E 3 F ee P ee 
APART TIS GPA ED IE east et ee 


. at Wet, © eh he eee en rs . 7 7 A? 
. ree SORE Ey Be Gt ot st gee A ig | tae eT 


= fe + 


SEAR Sek ete rs Ge eee Prk ery ery 


age 


Degree oral os — p 
eer da Me ae ear! 
. é 


Ser te: < ath ® tight ees 
. ak eral 


_ ; z oy = 
Pies a 1) ee 2 4 bh 4 ae The Cs Wt ys 
+ Be 


ee Le ee ee 
‘ 


4 ad oP ie ee a x han Bee bs 


Bulletin 204 June, 1926 


Agricultural Experiment Station 
College of Agriculture, West Wirgima Aniversity 


HENRY G. KNIGHT, Director 


Morgantown 


Cultural Experiments With Sunflowers and 
Their Relative Value As A Silage Crop 


Field of Sunflowers on the Agronomy Farm, West Virginia Agricultural Experi- 
ment Station, Morgantown. 


By 
T. E. ODLAND and H. O. HENDERSON 


Publications of this Station will be mailed free to any citizen of West Virginia upon 
written application. Address Director of the West Virginia Agricultural Experiment 


Station, Morgantown, W. Va. 


AGRICULTURAL EXPERIMENT STATION STAFF 


| ANIME JN Wil, IIS IDS aera President of the University 
EE A eee 1) Ae eee Dean of the College of Agriculture 
JOON MENT Od ORPKCT SUD IEA, | Oba peers rere Director of the Experiment Station 
WALTER C. SCHNOPP, B. S. ABV....------------------2------2eeescceeeseeeeeee Agricultural Editor 
JOHN CG. JOHNSTON. .....-----------c---2--c0--ceece-ecarcorecsenseesencseneennaneanannasenecncccncessens Chief Clerk 
AGRONOMY FARM ECONOMICS 
R. J. Garber, Ph. D. A. J. Dadisman, Ph. D. 
Agronomist Farm Economist 
T. E. Odland, Ph. D. Paul A. Eke, Ph. D. 
Associate Agronomist Assistant Farm Economist 
T. C. McIlvaine, Ph. D.7 F. D. Cornell, M. S. 
Assistant Agronomist Junior Farm Mechanician 
M. M. Hoover, M. S. W. W. Armentrout, M. S. 
Junior Agronomist Junior Farm Economist 
H. K. Rowley, B. S. Agr.** 
Seed Analyst || HOME ECONOMICS 
| Ruth Buchanan, Ph. D. 
ANIMAL HUSBANDRY Home Economist 
B. A. Livesay, M. S. 
Animal Husbandman |) HORTICULTURE 
Chas. V. Wilson, M. S. IMJ Dorsey ehee D+ = 
Assistant Animal Husbandman Horticulturist 
E. C. Stillwell, M. S. H. L. Crane, M. S. Agr. 
Assistant Animal Husbandman || Associate Horticulturist 
Rene iuckwiller Bom aNeres | H. E. Knowlton, Ph. D. 
Assistant Animal Husbandman Associate Horticulturist 
| K. C. Westover, M. S. Agr. 
CHEMISTRY Assistant Horticulturist 
Henry G. Knight, Ph. D. Chemist || Ernest Angelo, M. 8S. Agr. 
R. B. Dustman, Ph. D. Junior Horticulturist 
Assistant Chemist || L. F. Sutton, B. S. Agr.t 
Chas. E. Weakley, Jr., B. A. Assistant Horticulturist 
Assistant Chemist | Troy M. Currence, B. S. Agr.ft 
TB, leith, By A.** | Assistant in Horticulture 
Assistant Chemist 
Mee Cochran bance | PLANT PATHOLOGY 


Junior Chemist |; N. J. Giddings, Ph. D. 


Plant Pathologist 


DAIRY HUSBANDRY Anthony Berg, M. S. 
Ernest L. Anthony, M. S. Agr. Assistant Plant Pathologist 
Dairy Husbandman | Ibe Fie Leonian, 1eAae D. 
H. O. Henderson, M.S. Agr. Assistant Plant Pathologist 
Associate Dairy Husbandman | E. C. Sherwood, M. S. 
Warren Gifford, B. S. Agr.++ Assistant Plant Pathologist 
Junior Dairy Husbandman |! 
G .M. Trout, M. S. POULTRY HUSBANDRY 


Assistant in Dairy Husbandry , Horace Atwood, M. S. Agr. 
Poultry Husbandman 


ENTOMOLOGY 
L. M. Peairs, Ph. D. Entomologist SOILS 
W. E. Rumsey, B. S.** E. P. Deatrick, Ph. D. 


State Entomologist Associate Soil Technologist 


*In co-operation with the U. S. Department of Agriculture, Washington, D. C. 
**In co-operation with the State Department of Agriculture, Charleston, W. Va. 
***Resigned September 1, 1925. 

yIn charge of the Maggie Sub-Station, Maggie, W. Va. 

tIn charge of the Reymann Memorial Farms, Wardensville, W. Va. 

7tOn leave of absence, 


Cultural Experiments With Sunflowers and 
Their Relative Value As A Silage Crop 


One of the chief problems which has always faced the West 
Virginia farmer is the production of sufficient roughage to winter 
his livestock. He is interested in any crop which gives promise 
of producing a larger tonnage per acre of either hay or silage than 
crups that he is growing. 

In the last few years a great deal has been written about sun- 
flowers as a crop for making silage. A number of experiments have 
been conducted in different states. Some experiment stations as 
well as individual farmers have reported very satisfactory results 
with this crop. Others have not found it very satisfactory. 

The Montana Experiment Station obtained very high yields of 
sunflowers in that state.* That station recommends sunflowers as 
a silage crop on account of their ability to produce a large tonnage 
in a short season. The Washington Experiment Station also report- 
ed favorable results with sunflowers.; This crop is recommended 
for conditions in that state that are not well adapted for corn. 

The Ohio Experiment Station did not obtain as favorable re- 
sults with sunflowers as with corn.** Larger yields of green material 
were obtained from sunflowers but in dry matter the corn yielded 
mere than the sunflowers. 

The experiments reported in this bulletin were planned in order 
to attempt to find out if sunflowers might have a possible place as 
a silage crop under West Virginia conditions. 

In 1919 a preliminary trial of sunflowers as a silage crop was 
made by the Dairy Department of the Experiment Station. A plot 
was planted to this crop and a feeding trial conducted the following 
winter. A large tonnage per acre was obtained and the feeding qual- 
ities appeared to be satisfactory. The results of this test have been 
published.{ This preliminary test made it seem advisable to con- 


*Jensen, I. J. Sunflowers under irrigation in Montana. Mont. Agr. Hxp. Sta. Bul. 


mae see ss E. G., and Westley, R. O. Sunflower production for silage. Wash. Agr. 
a Bully 1625) LOZ cf : 

ae cere enee L. E. Sunflowers for silage in Ohio. Ohio Agr. Exp. Sta, Monhtly Buls. 

ite Ea Ce acne L., and Henderson, H. O. Sunflowers vs. corn for silage. West Va. 


Agr. Exp. Sta. Cir. 32, 1920. 


4 W. VA. AGR’L EXPERIMENT STATION [Bulletin 204 


duct more detailed studies with sunflowers as a silage crop. Experi- 
ments were accordingly started on both the Agronomy and Dairy 
farms in 1921 and 1922. The results obtained in these experiments 
are reported in this bulletin. 


EXPERIMENTAL WORK 


Methods Used 


In the spring of 1922 a series of forty four plots was laid out on 
the Dairy farm for the purpose of securing more information in re- 
gard to the relative value of sunflowers and corn for silage produced 
under local conditions. The experiment was also planned with a 
view to finding the best cultural methods to use in growing sun- 
flowers. This test included Cocke’s Prolific, a variety of corn rep- 
resenting the late or silage type, and Leaming, a variety represent- 
ing the type of corn generally grown for grain. Two mixtures of 
corn and sunflowers were used. In one mixture one sunflower plant 
alternated with two of corn and in the other mixture there were 
equal numbers of corn and sunflower plants. All corn and sun- 
flowers were planted in rows 3 1-2 feet apart. The corn alone and 
the corn and sunflower mixtures were thinned to one plant every 
fourteen inches. The sunflowers alone were thinned to various 
spacings in the row ranging from a plant every three inches to a 
plant every twenty-one inches. The seed was sown thickly and 
the plants later thinned to the desired stands. Two later plantings 
of sunflowers were also made in 1922 and 1923. One planting was 
made each of these years on June 1 and another on June 10. In 
1924 no later plantings were made due to the lateness of the season. 


Each plot was repeated three times so that there were four 
plots each year of each treatment or crop. The plots were eight 
rods in length and four rows wide. An ordinary two-row corn planter 
was used for planting both the corn and sunflowers. At harvest 
time the entire four rows were cut and then weighed on a platform 
scale at the barn before being put through the silage cutter. A 
sample of about fifteen pounds was taken from each different series 
of four plots at the time of cutting for the purpose of determining 
the moisture content and for making a chemical analysis. This 
sample was weighed at the time it was taken and again after drying. 
The sample was dried in an artificially heated drying house where 
it was left until thoroughly dry. It was then taken out and allowed 
to hang in a shed until it had attained a relatively constant weight 


when it was again weighed to determine the amount of air dry 
material. 
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The samples contained on an average from 7 to 10 per cent of 
moisture at the time of taking the air dry weights. By taking care 
to do this weighing after several days of dry weather it was found 
that the percentage of moisture in the samples became uniform 
enough to reduce the error resulting from the fluctuation in moisture 
content of the air within narrow limits. From the dry weights thus 
obtained the air dry yields per acre were calculated. 

After the air dry weights had been obtained the samples were 
used for making a chemical analysis.* 

The plots were cut at only two different times in order to make 
the work fit into the regular silo filling operations on the farm. It 
would have been more desirable if several cuttings had been possible 
so that each series of plots could have been cut when they had reach- 
ed the proper stage. The first cutting was made at the time the 
sunflowers planted first were nearly all in full bloom and some of 
the seeds had reached the light dough stage. At this time the 
various plots of sunflowers planted alone were cut. In 1922 and 1923 
the mixtures of sunflowers and corn were also cut at this time. In 
1924 the mixtures were left until the second cutting on account of 
the very immature condition of the corn. 

The second cutting was made when the silos were being filled 
frem the other corn grown on the farm. This corresponded in the 
two first years with the time the Leaming in the test was ready to 
cut for silage. In 1924 both varieties of corn were immature when 
put into the silo. At this time the later plantings of sunflowers were 
Auisin (erie 

In the spring of 1922 an experiment with different rates of plant- 
ing sunflowers was started on the Agronomy Farm. In this test 
the same rates of planting were used as on the Dairy Farm. The 
different plots were repeated in the same way as in the other experi- 
ment so that there were four plots of each rate of planting every 
year. 
~ Mammoth Russian sunflowers were used in all the experiments 
both on the Dairy and Agronomy farms. The two varieties of corn 
used in the experiment on the Dairy Farm and also sunflowers were 
included in the regular corn variety test which was conducted on the 
Agronomy Farm. The plots here were in triplicate. The corn and 
sunflowers were planted in rows three and a half feet opart and 
with plants fifteen inches apart in the rows. Yield determinations 


o acknowledge their indebtedness to T. J. Cochrane and T. B 


sine author ee try Department for making the chemical analyses. 


Leith of the Agricultural Chemis 
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were made as in the other tests but based only on the two central 
rows of the plot. The corn was cut when it had reached the glazed 
stage and the sunflowers when they were nearly all in full bloom. 

In making the calculations for yields of the different plots the 
probable errors of the experiment were also determined* In ex- 
perimental work this is necessary in order to determine whether 
differences obtained between different plots are large enough to 
be significant. The probable errors of the different experiments 
are shown in the appendix. 


Experiments on the Dairy Farm 


Table I shows the average yield of sunflowers and corn obtained 
on the Dairy Farm. Both the average yield of green corn and air 
dry material per acre are given. The date of planting, of harvest- 
ing, and the number of days in the growing period are shown. 

The three-year period over which this test extended included 
two years (1922 and 1923) which represented more or less normal 
seasons while the other year (1924) was a very abnormal season 
with a late wet spring and a cool growing season. It was impos- 
sible to get the field prepared and the planting done until June 11 or 
approximately three weeks later than usual. The results obtained 
should therefore be considered with these facts in mind. 

In considering the yield in green forage per acre of the differ- 
ent plots for 1922 as shown in Table I, it is apparent that with the 
exception of the later plantings made on June 1 and June 10, the 
sunflowers planted alone out-yielded both varieties of corn. How- 
ever when the yield on an air dry basis is considered the above order 
is reversed. The reason for this is due to the higher moisture con- 
tent of the sunflowers as compared with corn. From the yields of 
green and air dry material it may be seen that the moisture content 
of the sunflowers varied considerably between the different rates 
and dates of planting. It is difficult therefore to draw any conclu- 
sions as to the yield of dry matter per acre as based on the green 
weights without taking the moisture percentage into consideration. 

In 1923 the yield of green corn was somewhat higher than in 
1922 while the yield of green sunflowers was less than the previous 
year. ‘The yields on an air dry basis however did not show a very 
great difference for the various plots for the two years. Again this 
shows the necessity of taking the moisture content of the green 
material into consideration. 


*The authors are indebted to B. L. Wad2, a grad i awe 3 
the calculations. graduate assistant, for aid in making 
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In 1924 as in 1922 the yields of green sunflowers were somewhat- 
higher on the average than the corn. When the air dry weights 
were considered the difference was not proportionately as large as 
in case of the green weights. The mixture of corn and sunflowers 
as compared with the two crops grown separately, produced a higher 
yield in 1924 than in the other two years. 

Comparing the two types of corn very little difference in yield 
of air dry material per acre was found when the two varieties were 
planted and cut at the same time. Cocke’s Prolific averaged 2.91 
tons of air dry material per acre and Leaming 2.57 tons as an aver- 
age of the three years. The Cocke’s Prolific corn had not reached the 
same degree of maturity as the Leaming and therefore contained 
a higher moisture content. 


The average yield of green material per acre for the three years 
with corn and sunflowers growing in a mixture was 12.42 tons where 
equal numbers of each were grown, and 11.72 tons where two stalks 
of corn alternated with one of sunflowers. This is a difference of 
only .70 of a ton per acre. In air dry weights there was a difference 
of only .17 of a ton. These differences are not large enough to be 
considered significant. The sunflowers were ready to cut for silage 
about two weeks before the corn. ‘This made it difficult to determine 
at what time to cut the mixture for best results. 


Considering the various distances at which the sunflowers were 
spaced in the row there was no significant difference in yield of air 
dry material per acre for the different spacings. The yields varied 
from 1.89 tons per acre for the twenty-one inch spacings to 2.19 
tons for the plots where the plants were spaced seven inches apart 
in the row. In green material per acre the yields ranged from 12.33 
tons for the twenty-one inch spacing to 14.29 tons for the three-inch 
spacing. In the three-inch spacing the plants became too spindly. 
This caused considerable lodging of plants and resulted in much 
difficulty in cutting. The same was true but to a less extent where 
the plants were spaced seven inches apart in the row. In the four- 
teen and twenty-one-inch spacings and particularly in the latter the 
plants became too large and coarse to make the best silage. The 
large heads made the plants top heavy and more difficult to handle. 


The ten-inch spacing gave on the whole the most satisfactory plants 
for handling. 
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The two later plantings gave varying results in the two years 
they were made. The first year the sunflowers planted on June 1 
yielded as well on the air dry basis as the earlier plantings. The 
yield obtained from the June 10 planting was somewhat less on both 
the green and air dry basis. In the second year these results were 
reversed. Apparently the seasonal influences were of more import- 
ance than the time of planting. 


Experiments on the Agronomy Farm 


Table II shows the yields obtained with the various rates of 
planting on the Agronomy Farm. 

The thicker plantings, where plants were spaced three and seven 
inches apart in the rows, produced a little larger tonnage per acre 
than did the thinner plantings. The difference in yield between the 
ten, fourteen, and twenty-one-inch spacings were so small that 
they come within the range of experimental error. The ten-inch 
spacings produced plants that proved to be the most satisfactory 
for handling. The three and seven-inch plantings produced plants 
with stems too small and weak, while the plants in the twenty- 
one-inch spacing grew too coarse. The plants also had a tendency 
to become too coarse when spaced fourteen inches apart. 


The soil on which the sunflowers were grown on the Agronomy 
Farm was somewhat lower in fertility than the soil where they 
were grown on the Dairy Farm. This may explain the somewhat 
higher yields on the latter farm and may also account for the slightly 
different results obtained for the various rates of planting. 

Table III shows the yields obtained for the four year period, 
1921-1924, in which the two varieties of corn and sunflowers were 
grown in comparison in the regular variety test on the Agronomy 
Farm. 

The average yield of green forage of Cocke’s Prolific Corn was 
only approximately one ton more per acre than the Leaming. The 
sunflowers outyielded Cocke’s Prolific and Leaming corn on the 
basis of green material by 1.49 and 2.64 tons per acre, respectively. 
On the air dry basis Cocke’s Prolific outyielded Leaming Dymo oeot a 
ton per acre and sunflowers by 1.48 tons. The Leaming corn out- 
yielded sunflowers on this basis by .95 of a ton. Expressed in per- 
centages on an air dry basis the yield of Cocke’s Prolific showed 
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an increase of 55.2 per cent over sunflowers and an increase of 29.5 
per cent over Leaming. 

Where the corn varieties were allowed to reach the stage of 
maturity considered best for silage they outyielded sunflowers by 
a considerable margin in dry matter per acre. 


TABLE III.—Yield of Corn and Sunflowers for Silage on Agronomy 
Farm 1921-24. 


Variety | aay: ar er oeang Yield in Tons per Acre 

| Green Air Dry 
Cocke’s Prolific -...... 135 9.29 3.19 
PCAN) eal eee eee | 1921 | 123 6.63 2.63 
SMA OWeLS) sae | 107 10.51 2.29 
Cocke’s Prolific -....... 135 15.72 BWA, 
is tea anaes 2 aes a! 1922 123 14.24 4.51 
Sunflowers <.----:-.:--., | 113 18.28 2.91 
Cocke’s Prolific -....... 142 10.35 3.07 
Waeanninoes eee | 1923 130 11.26 3.04 
Sunflowers <.-.----.<--/ | 107 10.33 1.82 
Cocke’s Prolific ........ | | 151 | 9.63 3.30 
iLGeh renin ee eee 1924 134 8.28 2.71 
SUMMOWORS) feccesceesseee 106 11.90 2.05 
Cocke’s Prolific -...... | Average | 141 17.25 3.15 
ILS en nay aes eee eee ener 1921-24 128 10.10 3.22 
Sunflowers .........-..-... } 108 12.74 2.27 


COMPOSITION OF CORN AND SUNFLOWER SILAGE 


In 1922 and 1923 chemical analyses were made of samples taken 
at the time of cutting. The analyses did not differ greatly in the 
two years for the various plots. 

Table IV shows the average composition for these two years. 
The data show that the average water content of the Cocke’s 
Prolific corn when cut was approximately 75 per cent, of the Leam- 
ing 70 per cent, and of the sunflowers 84 per cent. The more imma- 
ture condition of the Cocke’s Prolific corn accounts for its higher 
moisture content as compared with Leaming. The high moisture 
content of sunflowers explains why this crop outyielded the corn in 
some years in green tonnage per acre but yielded less on a dry 


matter basis. 
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The corn averaged a little higher in protein and fiber content 
than the sunflowers but the latter averaged slightly higher than the 
corn in ash and fat content. The carbohydrate content of corn was 
considerably higher in all cases than the sunflowers. With the 
exception of fat content the mixtures of corn and sunflowers were 
interniediate between the two crops. 

Similar analyses were also made of the samples taken from the 
variety test on the Agronomy Farm. Here the moisture content 
of the two corn varieties were more nearly alike since they were 
allowed to reach the same stage of maturity. The moisture corent 
of Cocke’s Prolific corn was 69.5 per cent, of Leaming 72.7 per cent 
and of sunflowers 84.5 per cent. Here as in the analyses on the 
Dairy Farm the sunflowers showed a high moisture content. In the 
other constituents the analyses showed percentages very much the 
same as were obtained in analyzing the samples taken on the Dairy 
Farm. 


DISCUSSION OF RESULTS 


In considering the different experiments reported in this bulle- 
tin it would seem that where the growing season is normally as 
long as at Morgantown, 135 to 145 days, a variety of corn that can 
make use of this length of growing season can ordinarily be depended 
upon to produce as large a tonnage of green material for silage as 
suntiowers and a considerably heavier yield of dry matter per acre. 

Where the growing season is considerably shorter, as in some 
of the higher altitudes of the state, so that only an early type of 
corn will ordinarily mature, sunflowers will probably produce a 
heavier tonnage of green material per acre and possibly a greater 
yield cn 1 dry matter basis than corn. Tests should be made with 
sui ficwers for silage under such conditions. 


SUGGESTIONS ON SUNFLOWER CULTURE 


The following suggestions for growing sunflowers are offered: 
Sunflowers should be planted about the time corn is generally 
planted or a little earlier. Drilling in rows from thirty-eight to 
forty-two inches apart with plants ten to twelve inches apart in the 
row will be found satisfactory. Either a regular two-row corn plant- 
er or a grain drill with some of the holes closed is well suited for 
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this work. Approximately five pounds of seed per acre will be re- 
quired. 

The crop should be cultivated the same as corn. Sunflowers 
shade tte ground more completely than corn so that weeds do not 
thrive as well with this crop as with corn. Where both corn and 
sunflowers are given the same amount of cultivation the sunflowers 
are always more free from weeds when the crops are harvested. 

For harvesting sunflowers the corn binder is usually satisfac- 
tory. Cutting by hand is sometimes necessary where the plants 
have become lodged. 

Sunflowers should be cut before the seeds have reached the 
hard dough stage. The best guide for determining when to cut 
sunflowers is probably the time of flowering. The crop should be 
cut for silage when from 60 to 75 per cent of the plants are in 
bloom. 


SUMMARY 


1—Sunflowers and corn were compared for silage in experi- 
ments on the Agronomy and Dairy farms at the West Virginia 
Agricultural Experiment Station. Different rates and dates of plant- 
ing of sunflowers were also included. Both silage and grain types 
of corn were included in the test. 

2.—Under the conditions of the experiment on the Dairy Farm, 
the silage corn and the sunflowers yielded approximately the same 
average tonnage of green material per acre for the two normal 
seasons. They both outyielded the grain type of corn on this basis. 
Both types of corn outyielded sunflowers considerably on the air 
dry basis, and on this basis there was also a small difference in favor 
of the silage corn as compared to the grain type. In the short grow- 
ing season of 1924 the sunflowers outyielded both varieties of corn 
on the green material basis and also slightly on the air dry basis. 

3.—On the Agronomy Farm where both corn varieties were per- 
mitted to reach the right stage for silage each year, the sunflowers 
averaged a little heavier green tonnage per acre but both corn varie- 
ties far outyielded them on an air dry basis. 
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4.—Spacing the sunflowers ten inches apart in the rows gave the 
best results when both ease of handling and yield were considered. 
S—Leaming corn and sunflowers did not prove a satisfactory 
mixture, chiefly because they do not mature at the same time. 
6.—Sunflowers planted at later dates did not give as uniformly 
good yields as when planted at the same time as corn. 
7.—Sunflowers had a considerably higher moisture content than 
corn. The corn was much higher than the sunflowers in carbohy- 
drate content. The analyses showed only relatively small differences 
between the two crops in protein, ash, fat, and fiber contents. 


APPENDIX 


In field experiments such as the ones reported in this bulletin 
each yield is subject to a probable error. It is recognized therefore 
that a difference in yield between two plots must be of a certain 
magnitude before it is safe to consider this difference as significant. 
The magnitude of the required difference will depend upon the de- 
gree of variation among the plots receiving the same treatment. 
Probable errors were computed for the yields reported in this bulle- 
{in in order to determine whether the differences obtained were sig- 
nificant or not. 

The method of computing probable errors based on the yield of 
varieties under test as described by Hayes was used.* 

To obtain the probable error of the mean yield of the four plots 
of each treatment the probable error of a single plot was divided by 


V4. In order to be considered significant a difference should be at 


least three times its probable error. To obtain a number repre- 


senting the least significant difference the probable error of the 
mean was multiplied by 3 Alia = 

In Table V the probable errors calculated on this basis are shown 
for each year on the Dairy Farm and for the rate of planting experi- 


ment on the Agronomy Farm. 


Controlling experimental error in nursery trials. Jour. Amer. Soc. 


*Hayes, H. K. 
Agro. 15:177-192. 1923. 
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TABLE V.—The Probable Error in Percentages for Sunflower Ex- 
periments on the Dairy and Agronomy Farms as Meas- 
ured by the Deviation of Each Plot From the Mean 
Yield of Each Treatment. 


Probable Error in 


Per Cent 
Experiment Year Number a Singin 
Plot 

Srown Cae Determination Mean 

1922 44 121 | 6.1 

Sunflowers and Corn 1923 44 9.8 | 4.9 
on Dairy Farm 1924 36 10.8 | 5.4 
1922 20 | 13.0 6.5 

Sunflowers—rate of seed- 1923 20 | 8.4 | 4.2 
ing on Agronomy Farm 1924 20 8.3 4.2 


Student’s method was used to determine the significance of the 
differences obtained in the variety tests on the Agronomy Farm.f 
When this method is used it is found that the odds are 28 to 1 that 
the difference in yield between Cocke’s Prolific and Leaming corn 
on the air dry basis is significant. It is usually considered safe to as- 
sume that a difference is significant if the odds are as high as 30 to 1. 

In the same way the odds are 46 to 1 that the difference in air dry 
yield between Leaming corn and sunflowers is a real difference. The 
odds are 77 to 1 that the difference between the air dry yield of 
Cocke’s Prolific corn and sunflowers is significant. In determining 


the odds the values as given by Love were used.{ 


yStudent. Probable error of a mean. Biometrika 6 :1-25. 1908. 
tLove, H. H. A modification of Student’s tables for use in interpreting experimental 
results. Jour. Amer, Soc. Agro. 16:68-73. 1924. 


a 


AKi7. UNIV. LIR ARK 4 
Bulletin 205 July, 1926. 


Agricultural Experiment Station 
College of Agriculture, Hest Virginia University 


HENRY G. KNIGHT, Director 


Morgantown 


Tomato Late Blight and Its 
Relation to Late Blight of Potato 


(Technical) 


By 
ANTHONY BERG 


i i i i i i f iti Virginia upow 
Publications of this Station will be mailed free to any citizen of West ‘ 
Beh irate erie Address Director of the West Virginia Agricultural Experiment 


Station, Morgantown, W. Va. 


AGRICULTURAL EXPERIMENT STATION STAFF 
TRANK BUTLER TROTTER, A.M. Ll: Dy =--—=- President of the University 


HUNRY G. KNIGHT, Phy D=---------— 


___Dean of the College of Agriculture 


and Director of the Experiment Station 


WAMDERC SCHNORPS Bas aeAgie=== 
JOHNS Ca JOHNS DON=22se==— = 


RE Eo 5 eee ES RA Agricultural Editor 
Set ee es ee ee Chief Clerk 


AGRONOMY 
R. J. Garber, Ph. D. 
Agronomist 
Seb @dilanides tin 1: ~ 
Associate Agronomist 
ID. R. Dodd, M. S. 
Assistant Agronomist 
Mellvaine, Ph. D.*7 
Assistant Agronomist 
M. M. Hoover, M. 8. 
Junior Agronomist 
H. K. Rowley, B. S. Agr.** 
Seed Analyst 
ANIMAL HUSBANDRY 
H. A. Livesay, M. S. 


"IG: 


Animal Husbandman 

Chas. V. Wilson, M. S. 

Assistant Animal Husbandmap 
H. C. Stilwell, M. S. 

Assistant Animal Husbandman 
R. H. Tuckwiller, B. S. Agr.* 

Assistant Animal Husbandman 
CHEMISTRY 


R. B. Dustman, Ph. D, 


Associate Chemist 

Chas. HE. Weakley, Jr., B. A. 

Assistant Chemist 

Assistant Chemist 
T.. J. Cochrane, M. S. 


Junior 


iT Ba Weith., Be 


Chemist 
Paul Daughenbaugh 


Assistant in Chemistry 
DAIRY HUSBANDRY 
KH. L. Anthony, M. S. Agr. 


Dairy Husbandman 
H. O. Henderson, M. S. Agr. 


Associate Dairy Husbandma: 
G. Malcolm Trout, M. S. 


Junior Dairy Husbandma* 
ENTOMOLOGY 
L. M. Peairs, Ph. D. 


Entomologis! 
W. E. Rumsey, B. S.** 


State Entomologis! 
L. EH. Dills, B. S.** 


Assistant in Entomology 
ZOOLOGY 
F. E. Chidester, Ph. D. 


Zoologist 


FARM ECONOMICS 
IX, Ue SOB ehgieesos EI, 1D 
Farm Economist 
Paul A. Eke, Ph. D. 
Assistant Farm Economist 
Be DaCornell re ies. 
Junior Farm Mechanician 
W. W. Armentrout, M. S. 
Junior Farm Economist 


HOME ECONOMICS 
Ruth Buchanan, Ph. D. 


Home Economist 
Nell Nesbitt, A. M. 


Home Management Specialist 
HORTICULTURE 


Horticulturist 
Ay Le Crane. Mat Se Aor 
Associate Horticulturist 
H. H. Knowlton, Ph. D. 
Associate Horticulturist 
K. C. Westover, M. S. Agr. 


Assistant Horticulturist 
Ernest Angelo, M. S. Agr. 


Junior Horticulturist 
ES SUelOnhw Ea ose Gee 


Assistant Horticulturist 
lala IPS SEN Ay 18H os ove 


Assistant in Hortivulture 
A. L. Tener, B. S. 


Assistant in Horticulture 
PLANT PATHOLOGY 
N. J. Giddings, Ph. D. 
Plant Pathologist 
Anthony Berg, M. S. 
Assistant Plant Pathologist 
L. H. Leonian, Ph. D. 
Assistant Plant Pathologist 
E. C. Sherwood, M. S. 
Assistant Plant Pathologist 
POULTRY HUSBANDRY 
Horace Atwood, M. S. Agr. 
Poultry Husbandman 


SOILS 
iy P. Deatrick, Phe Dp) 


Associate Soil Technologist 


RURAL SOCIOLOGY 


16 iby Neeneaigy Wing IBY, 


Sociologist 


Ll at Le ee ee 


*In cooperation with the U. S. 


Department of Agriculture, Washington, D. C. 


**In cooperation with the State Department of Agriculture, Charleston, W. Va. 
7In charge of the Lakin Sub-Station, Lakin, W. Va. 


tIn charg: of the Reymann Memorial Farms, Wardensville, W. Va. 


Tomato Late Blight And Its Relation 
To Late Blight of Potato 


The fungus Phytophthora infestans (Mont. De Bary) has been the 
subject of so many investigations and controversies that it fills one of 
the most romantic chapters in the history of biological researeh. Most 
of these investigations deal with late blight of potatoes, tuber rot, and 
the much disputed subject of oospore formation. 

A review of this phase of the problem is neither necessary nor 
desirable, as it has been covered repeatedly and adequately by others. 

The relation of late blight of tomato to the late blight of potato 
has always been very much in question. This investigation was under- 
taken with the object of determining further facts regarding the pos- 
sible relationship of these two diseases. 


HISTORICAL SUMMARY 


The occurrence of tomato late bight, caused by Phytophthora in- 
festans, was recorded in the literature by Payen (23) as early as 1848. 
Numerous references, to this disease, can be found in the early plant 
disease literature of Europe. 

The first record of the disease in America is perhaps that of Thaxter 
(33) in which he stated: ‘‘For some reason not readily explained, to- 
matoes in various localities have, during the latter portion of last season, 
been greatly injured by the attack of various fungi, which in 1889 did 
no special damage to the crop. The most noticeable injury was done 
by the fungus of the potato rot, (P. infestans) which not only attacked 
the leaves so as to do considerable damage, but appeared with virulence 
upon green and even partly ripe fruit. ... Should this taste for tomatoes 
be perpetuated, it will be necessary to resort to Bordeaux mixture, or 
carbonate of copper in order to save the September crop. It is un- 
likely, however, that it will be permanently serious.’’ 

Most of the early observers believed that this fungus passed readily 
from potatoes to tomatoes. W. C. Sturgiss (32) referring to P. infestans 
stated: ‘‘The fungus which does so much damage to potatoes frequently 
attacks tomatoes also. Its general effect is the same in both cases, and 
it may be controlled by the same means.’’ Stone (30) said: ‘‘Downy 
mildew of tomato is rarely seen in Massachusetts. It is caused by the 
same fungus which is responsible for the well-known blight of potatoes.”’ 
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In a later report by Stone (31) he stated: ‘‘Damp and rainy weather 
following a prolonged dry season caused an unusual outbreak on tomato 
plants, namely downy mildew, which is the same as that giving rise to 
the late blight of potatoes.” In California, R. E. Smith (27), referring 
to the late blight of tomatoes, stated: ‘‘This trouble proved to be a 
common disease of another plant, which sometimes attacks the tomato, 
but very seldom as serious as this. It is the potato blight or mildew, 
well-known to every eastern potato grower. . .. The cause is a parasitic 
fungus, Phytophthora infestans.’’ 

In describing late blight of tomato, McAlpine (19) stated: ‘‘It is 
exactly the same fungus in the tomato as that causing potato blight, 
and this was proved conclusively by infecting a healthy potato with 
the spores of the fungus from diseased tomato, and a healthy tomato 
was infected with the spores of Irish blight, obtained from one of the 
diseased potatoes grown in Beech forest.’’ 

Many similar statements can be found in the literature. 


GEOGRAPHICAL DISTRIBUTION 


Tomato late blight, caused by P. infestans, has been reported from 
every continent except Africa. It is found in both hemispheres and can 
be traced in a continuous belt around the globe. In the United States, 
only a few records of its appearance in the northern states are found, 
although it was first observed in Connecticut. It has also been reported 
as occurring in Maine (33). The disease occurs almost annually in the 
higher altitudes of Virginia, West Virginia, and North Carolina, (13). 
In Central America it has been reported from Mexico (16), Jamaica 
(2), and Porto Rico (34) ; and in South America from Uruguay (11). 
In Europe it has been reported from England (24), Belgium (17), 
Germany (1), Italy (2), and from practically every country on the 
continent. E. J. Butler (6) in a report of its occurrence in India 
wrote: ‘‘P. infestans was found attacking potatoes and tomatoes at 
Jorbat, in Assam,’’ and he expressed the fear that this fungus was 
developing a race which would be able to withstand the heat of the 
plains. It has been repeatedly reported from Australia and New 
Zealand, and from the Islands of Mauritius (29) and Hawaii was 


ECONOMIC IMPORTANCE 


The economic importance of this disease is considerably minimized 
by the fact that it does not occur in the most important commercial 
tomato growing districts. On the other hand, there are certain sections 
in the higher altitudes of Virginia and West Virginia well adapted for 
tomato growing, in which it is practically impossible to grow a sufficient 
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supply for table use, without careful and persistent spraying. Large 
damage to the late crop has been reported from southern California 
by Smith (27). Again, we find a record in the Journal of the Board of 
Agriculture, England (19), where a grower lost fifty tons of a total 
of seventy tons, or 71 per cent of the crop. Considerable losses to the 
tomato crop have been reported from South Australia and New Zealand. 
It also has been reported as doing considerable damage to the tomato 
erop in Porto Rico (34). 


THE DISEASE 


The leaves, the stems, and the fruit are affected. 

On the leaves and the petioles—The infection on the foliage is 
so similar to the characteristic lesions of the late blight of potato that a 
detailed description is unnecessary. The petioles are readily attacked, 
and as a consequence the affected leaves often droop. 

On the stem.—The disease progresses very rapidly on the tender 
portions of the stem, while on the older and woody parts the infection 
advances slowly and the lesions are much darker. 

On the fruits—The green fruits are most susceptible to the at- 
tack of the disease, although partly ripened fruit may also be infected. 
Most of these infections are found around the stem-end, or where two 
fruits come in contact with each other or with the ground. It has 
been demonstrated, however, that the fungus can enter through the 
unruptured epidermis at any point. 

The first symptoms consist of irregular brown patches which at 
first do not extend much beyond the epidermal layer. When the con- 
ditions are more favorable, the lesions spread rapidly, and form more 
or less concentric zones as they advance. The infected tissues are at 
first firm, but they soon become soft because of the invasion of second- 


ary organisms. 
EXPERIMENTS BY OTHER INVESTIGATORS 


The fact that tomato late blight rarely, if ever, appears in certain 
sections where potato blight is a destructive disease almost annually, 
has led to several investigations to determine the identity of the two 
diseases. 

Reed (26) conducted experiments in Virginia, in 1911 and 1912, 
in which potatoes and tomatoes were planted in alternate hills. “No 
results were obtained in 1911; in 1912 late blight appeared on both 
potato and tomato on August 12.” He says: “It was found possible 
to infect potatoes and tomatoes with the blight by taking spores from 
either host plant.” He also states: “In making an inspection of the 
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diseased areas, it was found that the tomato blight was always more 
severe in the vicinity of potato vines. We are led to conclude, there- 
fore, that the Phytophthora of the tomato is identical with that of the 
potato.” He explains the apparent immunity of the potato crop in 
Virginia by the fact that a large percentage of the potatoes are planted 
early and consequently have made their growth before the late blight 
makes its appearance. 

McAlpine (21) descirbes a similar experiment in Australia. To- 
matotes and potatoes were planted in alternate rows, and his report on 
the experiment follows: ‘‘A row of tomatoes, containing about 150 
vines, was planted alongside potatoes in the Yannathan district, the seed 
potatoes and the young tomato plants being planted at the same time, 
on December 27, 1910. About March 11 the potato tops began to 
show signs of disease, and in about a week they all collapsed with Irish 
plight. A few days after the potato plants had succumbed, the disease 
was noticed in the tomatoes when the fruit was forming. When l 
examined the plot on April 6 not a single plant had escaped, and only 
an occasional ripe and healthy tomato could be found, and it was 
evident that the tomatoes had been infected from the adjoining pota- 
toes.’’ 

Wiltshire (85) conducted a series of cross inoculation experiments 
in 1915. Cut shoots of potatoes and tomatoes were inoculated with a 
spore suspension and the plants were placed under bell jars. The fol- 
lowing are his results: 

Spores from potato on potato gave 42 plants infected out of 123, 
or 34 per cent infection. 

Spores from potato on tomato gave no infection on 148 plants 
used. 

Spores from tomatoes on potatoes gave 4 plants infected out of 107 
used, or 3 percent infection. 

Spores from tomatoes on tomatoes gave 43 plants infected out of 
116, or 37 per cent infection. 

In another series: ‘‘Spores from tomatoes on tomato (2 plants) 
heavily infected.’’ 

‘Spores from potatoes on tomato (2 plants) no infection.”’ 

Wiltshire concludes that these results suggest that the Phytoph- 
thora infestans attacking potatoes is of a different physiological strain 
from that attacking tomatoes. 

Giddings, N. J., and Anthony Berg (10) conducted cross inocula- 
tion experiments with strains of the fungus isolated from tomatoes and 
potatoes. The results showed that the fungus would pass from one 
host to the other. However, the potato fungus, when inoculated on the 
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tomato produced only small irregular lesions on the tomato leaves. 
These spots were confined mostly to the lower leaves.. Stem lesions did’ 
not oceur in any ease. The tomato strain when inoculated on tomato: 
plants produced typical late blight infections on both leaves and stems, 
and the plants died down in a short time. Both the potato and the 
tomato strains produced typical disease lesions when inoculated on: 
potato plants, but the tomato strain was less virulent in its attack. 

Melhus, I. E. (22) apparently working with a potato strain only, 
summarizes the results of his experiment as follows: 

“Tomato foliage is readily infected with Phytophthora infestans of 
the Irish potato, but it has not been possible to infect the fruit except 
through the peduncles, the calyx, or epidermis, when ruptured. Indeed! 
when the epidermis of the fruit is intact, infection does not take place. 
The period of inoculation is the same for the tomato and potato, that is, 
six days, depending on moisture and temperature conditions. The 
fungus spreads and fruits more sparingly on the foliage of the tomato 
than on the foliage of susceptible varieties of potato and to this fact 
are doubtless due the numerous contradictory statements relative to 
the identity of species of Phytophthora on these two plants.’’ 


CULTURES AND EXPERIMENTAL METHODS 


Numerous inoculations were made during the last five years. In 
the first experiment, strains of P. infestans isolated from potatoes were 
obtained from Maine, Wisconsin, and West Virginia. The tomato strains 
were isolated from diseased tomato fruits collected from various parts. 
of West Virginia. Potato and tomato strains from various parts of the. 
world have been added to this collection. The object was to collect 
strains for comparative study, from every country in which the fungus 
had been reported. This has proved to be a slow and tedious venture, 
although the collection is slowly increasing. We have at the present 
time, in addition to our native strains, potato strains from Bermuda, 
England, Holland, and Australia, and a tomato strain from Australia. 


Methods of Collecting Material for Isolation 


The following method has been found very satisfactory for trans- 
porting diseased material to the laboratory for isolation, especially 
where the material has to be in transit for some time. A clean potato: 
tuber is cut into halves, the diseased leaf or stem is placed between the: 
two halves and the pieces are firmly tied together with a string. Whey 
using parts of stems, it is best to holllow out one of the pieces of potato 
sufficiently to allow the halves to come firmly together after the mater- 
ial has been inserted. The fungus readily passes into the potato tissue 
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within twenty-four to forty-eight hours. At the laboratory the halves 
are separated, the diseased leaf or stem tissue is discarded and the tuber 
is put into a moist culture dish and placed in a low temperature incu- 
bator at about 15°C. If the material has been in transit for several 
days, especially in warm weather, Fusarium and other rot fungi may 
appear on the cut surface of the tuber. These should be removed care- 
fully with a knife before placing the tuber in the culture dish. Tufts 
of P. infestans mycelium usually make their appearance within four 
or five days. The fungus is then transferred to a potato tuber prepared 
as follows: A healthy tuber is soaked in a 1:1,000 solution of mereuric 
bichloried for one hour and rinsed in distilled water. A band is peeled 
off in ‘the direction of the long axis of the tuber. The tuber is then 
cut into equal halves with a sterile knife, and placed in a moist culture 
dish. Numerous stabs are made into the cut surface with the point 
of a sterile knife, tufts of mycelium are inserted into these stabs with a 
platinum needle. A pure culture can readily be obtained from these, 
as P. infestans on raw potato tissue will outgrow accompanying bacteria 
and fungi at temperatures of 16-18°C. 

In preparing material for inoculation work the fungus was grown 
on potato tubers prepared as described above. The fungus covers the 
entire cut surface of a potato tuber in five or six days when grown at 
20°C, The sporangia were then removed by directing a spray from an 
atomizer parallel to the cut surface of the tuber. By this method a 
rich suspension of sporangia comparatively free from mycelial masses 
can be obtained. The inoculum was applied with an atomizer, and the 
plants were placed in a moist chamber at around 18°C. for twenty- 
four hours unless otherwise stated. 


Inoculation Experiments 


The following series of inoculation experiments were made over a 
period of five years. A large number of strains were used. Some were 
used for one inoculation test only and then discarded, others were 
used for a longer period. For the sake of simplicity, the strains used 
in the experiments are numbered in consecutive order. The letter “‘P”’ 
or ‘‘T’’ is placed after the number to designate potato or tomato strains. 


Series 1—On Tomatoes. Three sets of tomato plants, each con- 
sisting of ten plants were inoculated with strains 1P, 2P, and 38T. The 
first signs of infection became visible three days after the inoculation. 
The infected plants were then returned to the moist chamber to study 
the progress of the disease lesions produced by the different strains. 
All plants inoculated with strain 3T developed leaf, stem, and petiole 
infections, such as occur under natural conditions in the field. Every 
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plant succumbed to the disease in ten days (See Figure 1). The tomato 
plants inoculated with strains 1P and 2P, although showing a much 
greater number of foliage infections did not have a single petiole or 
stem lesion. The foliage infections were confined mostly to the older 
leaves and did not present the appearance of typical late blight lesions, 
but were blotches with irregular margins and did not exceed one-fourth 
of an inch in diameter (See Figure 3). They attained their maximum 
size four or five days after the infertion became visible. The lower 
leaves soon dropped off and the plants fully recovered (See Figure 2). 

Series 1—On Potatoes. Three sets of potato plants, each con- 
sisting of ten plants, were similarly inoculated with strains 1P, 2P, and 
oT. The first signs of infection were noted in about three days after 
inoculation. All plants became infected. The disease produced by the 
tomato strain, 3T, although having the appearance of typical blight 
lesions, did not progress with the same vigor as that produced by the 
potato strains, 1P and 2P. This was especially noticeable in the ease 
of stem infections (See Figure 4). 


The sources of the strains used were as follows: 
1P—Potato Strain from Morgantown, West Virginia. 
2P—Potato Strain from Maine. 

3T—Tomato Strain from Morgantown, West Virginia. 


Series 2. This series was an exact duplication of Series 1, with 
identical final results. A description is, therefore, deemed unneces- 
sary. A tomato plant inoculated with a tomato strain and a tomato 
plant inoculated with a potato strain were placed under moist bell jars 
to study the progress of the disease lesions. The lesion produced by the 
tomato strain progressed very rapidly and produced sporangia pro- 
fusely on both surfaces of the leaf. The spots produced by the potato 
strain attained their maximum size within two or three days after in- 
fection first became visible, and produced sporangia only very sparingly. 

Series 3. Tomato and potato plants were inoculated similarly 
as in Series 1 and 2, with the exception that a potato strain of P. infes- 
tans obtained from Wisconsin was substituted for the Maine potato 
strains. Late blight does not appear on tomatoes in Wisconsin and sel- 
dom, if ever, in Maine. The primary object of this inoculation ex- 
periment was to compare strains of P. infestans from widely separated 
geographical regions, especially from regions in which late blight does 
not appear on the tomatoes. The results were similar to those described 
in Series 1. 

Series 4. Three tomato strains isolated from leaf, stem, and 
fruit respectively, were used in this inoculation experiment to test for 
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any possible adaptation of the fungus on the various plant members. 
The results in the accompanying table show that such a specialization 
did not oceur. Plants were also inoculated with a potato strain recently 
received from Australia, and a West Virginia potato strain for general 
comparison. The Australian potato strain, when inoculated on tomato, 
produced the same type of spots as the West Virginia potato strain, 
and they were similarly confined almost entirely to the lower foliage. 


TABLE 1.—Inoculation of Potato Plants with Tomato and Potato 


Strains. 
Strain | Used: 2 seo eee 4T 5T 6T iP sense 
Number of POTATO plants _----- 10 10 10 a 12 
Number of Stems --------------- 16 13 14 16 13 
Number of Plants Infected ------ 10 Seen | eel vig 12 
Stems with Stem Lesions -------- On| 4 | 4 q! 10 


TABLE 2.—Inoculation of Tomato Plants with Potato and Tomato 


Strains. 
Strain) Used, oc ssuseee es eee Lael oe iy al eam ea et) 2 
Number of TOMATO Plants ._--- 10 10 10 LORE i eO 
Number of Plants Infected ------- 10* 10* 10* 107 | 10+ 
Plants with Stem Lesions ------- 100 Oi LOD as Oy) 0 | 0 


(*) Typical Late Blight lesions on foliage and stems. 
(+) Numerous small lesions on lower leaves. 


The sources of the strains used in this series were as follows: 

4T—Tomato strain isolated from diseased fruit, Morgantown, West 
Virginia. 

5T—Tomato strain isolated from diseased leaf, Morgantown, West 


Virginia. 
6T—Tomato strain isolated from diseased stem, Morgantown, West 
Virginia. 


7P—Potato strain, tuber isolation from Australia. 

8P—Potato strain, leaf isolation from Morgantown, West Virginia. 

Series 5. The object of this series was to test the probable effect 
of different climatic conditions brought about by variations in altitude. 


TABLE 3.—Inoculations with Tomato and Potato Strains from Dit- 
ferent Altitudes. 


Strain Used 55 eee een eee | ~ oT | 10T it | 12P 
Number of TOMATO plants _-------- 8 8 8 8 
Number of Plants Infected ---_----_-- | 8* | g* | ge | St 


Plants with Stem Lesions --_-__--_-- | 8 | 8 


(*) Typical late blight lesions on stems and foliage, 
(+) Numerous small spots on lower leaves, 
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Fig. 5.—Tomato Plants Fifteen Days After Inoculation with Tomato and 
Potato Strains of Phytophthora infestans. ‘A,’ Tomato Strain from West 
Virginia. “B,’ Potato Strain from West Virginia. “C,”” Tomato Strain 
from Australia. “‘D,” Potato Strain from Australia. 
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The sources of the strains and the altitudes were as follows: 

9T--Tomato strain isolated from Davis, West Virginia, altitude 
3,300 feet. 

10T—Tomato strain isolated from Montrose, West Virginia, alti- 
tude 1,600 feet. 

11T—Tomato strain isolated from Morgantown, West Virginia, 
altitude 1,000 feet. 

12P—Potato-strain isolated from Morgantown, West Virginia, alti- 
tude 1,000 feet. 


The climate of Davis, West Virginia, is cool and the seasons are 
not unlike those of the northern states where late blight of potato 
occurs almost every year, but tomato late blight has never been known 
to occur. Destructive outbreaks of late blight of tomatoes have been 
repeatedly observed at high altitudes. It would, therefore, seem that 
some factors aside from climatic conditicns are responsible for the 
absence of tomato late blight in some of our northern states. It may 
be possible that the tomato fungus living on a plant that dies complete- 
ly in the autumn is dependent on hibernation in the soil, whereas the 
potato strain is carried over, at least in part, through diseased tubers. 
It is therefore quite probable that the tomato fungus cannot survive 
the cold winters of the north, while in the regions of milder winters, 
it may live over in the soil at lower altitudes and then gradually spread 
to the adjacent higher altitudes as the season advances. The results 
of this inoculation experiment would tend to indicate that other factors 
than climatic conditions are involved in this peculiar stiuation. Potato 
strains obtained from these altitudes did not produce typical late blight 
infections when inoculated on tomato plants. 


Series 6. A third host plant of P. infestans, Solanum aviculare, 
was introduced into this series. It was hoped that by this means a fur- 
ther differentiation of the two strains might be obtained. Solanum 
aviculare is an Australian plant and has been reported as being very 
susceptible to infection by P. infestans. 


The plants were interplanted with tomatoes and potatoes in the 
pathological garden where the tomato and potato plants have annually 
suffered from the natural infections of the fungus. The potato and 
tomato plants became heavily infected during August and September. 
The ‘‘kangaroo apples’’ (Solanum aviculare) also became infected, 
however, to a much less degree than either of the other two host plants. 
Isolations were made from three of the infected plants during the 
season. The cultures were marked ‘‘?’’ pending a definite determination 
of strain by artificial inoculations. The results of the inoculation shown in 
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Table 4 indicate that Solanum aviculare is susceptible to infection by 
both strains of the fungus under natural conditions. 


TABLE 4.—Inoculations with Strains Isolated from Solanum avicu- 
lare and Tomato Fruit. 


Sin ly O ete eee Soe Ca en oe eS ei ar 4 ee 6 2 16T ?¢ 
Number of TOMATO Plants __________ ot | 12 12 12 
Number of Plants Infected~ _________- 12 12 12 12 
Plants with Stem Lesions ___________ | 0 12 0 0 


*Isolated from Solanum aviculare proved to be a potato strain. 
**Tsolated from Solanum aviculare proved to be a tomato strain. 
jIsolated from Solanwm aviculare proved to be a potato strain. 
fIsolated from tomato fruit proved to be a potato strain. 


Both tomatoes and potatoes were badly blighted at the time isola- 
tions were made. Strain 16T was isolated from a disease lesion of a 
tomato fruit. 

Tomato fruits infected with the potato strain are occasionally found 
where tomato plants are intermingled with heavily infected potato plants. 
It is very probable that such infection takes place through a rupture in 
the epidermis of the tomato fruit. This may in part account for the 
reports of sporadic occurrence of tomato blight in certain regions. 


Series 7.—One set of thirty-five plants of kangaroo apples (Solanum 
aviculare) were inoculated with potato strain 12P, and a similar lot of 
thirty-five plants were inoculated with tomato strain 9T. The first signs 
of infection were visible in four days. All plants were heavily infected, 
both on the foliage and on the young shoots. There appeared to be no 
difference in the susceptibility of Selanum aviculare to either strain in 


artificial inoculations. 


Series 8-—To determine the time required for the tomato and 
potato strain to infect the tissues of the potato plants a series of inocula- 
tions were made in which the plants were removed from the moist cham- 
ber at definite intervals. After removal from the moist chamber the 
plants were immediately taken to a warm room and the excess moisture 
on the foliage was dried off quickly by means of an electric fan. 


TABLE 5.—Time Required for Penetration and Infection On Potato 


Plants. 
Time in Moist Chamber After Inoculation 
Items Considered Sete ane ae Hours 6 Houre l SALOU 
Strains Used ----------- 170s es tsps eet 18P} | 17T* | 18P+ 
Number POTATO Plants] 16 16 16 16 | 16 16 
Number Plants Infected 0 2 0 il eG 16 
Stems with Stem Lesions 0 | 2 | @ nes foes! 16 


*Tomato Strain from West Virginia, 
+Potato Strain from West Virginia. 
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Fig. 6.—Tomato Plant Ten Days After Inoculatio 
ing Stem, Leaf, and Petiole Infection. 
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From these data, it appears that it takes a longer period of time 
for the tomato strain to penetrate the potato tissue and produce infection 
than it does for the potato strain. 


Series 9—This inoculation is a duplicate of Series No. 8 with the 
exception that a potato strain from Maine was substituted for the West 


Virginia strain. The results are practically identical. 
FF: 


TABLE 6.—Time Required for Penetration and Infection on Potato 
Plants. 


Time in Moist Chamber After Inoculation 


BLT AS ott be | 84% Hours 534 Hours 8 Hours 
Siceninies Niro Cie ee ee ES [| ES Pa tp RET || leant eee | alae) 
Number POTATO Plants ____- | 12 | 12 | 12 | 12 12 | 12 
Total Number of Stems ------- | 27 | 24 | 27 19 27 22 
Number of Plants Infected __-_| 3 | 90 | 12 1 | 12 4 
Number of Stems Infected -_-_| 3 | 0 22 il 26 4 


*Potato strain from Maine. 
{Tomato strain from West Virginia. 


TABLE 7.—Time Required for Penetration and Infection on To- 


mato Plants. 


: Time in Moist Chamber After Inoculation 

ons. Considered 3\% Hours | 5! Hours | 9 Hours | 24 Hours 

Strainee Nim Derma as ae [aed a ae | Cam ei aT a eee ear Se 
Number of TOMATO Plants ---| 6 | 6 6 6 | d || © 6 6 
Number of Plants Infected ----- | Oh) xv 3 0 oe 6 
Plants with) Stem lesions, 2222/07) 0) 3) | 0) | 4 ais 0 


Series 10.—In this series, tomato plants were inoculated with the 
potato strain of P. infestans while potato plants were inoculated with a 
tomato strain of P. infestans. The plants were removed from the moist 
chamber at various intervals, and the excess moisture dried off by means 


of a fan. 
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TABLE 8.—Time Required for Penetration and Infection on To- 
mato Plants. 


Time in Moist Chamber After Inoculation 
UA ea eee eee 


rere eo ele ca 3% Hours|5 Hours| 9 Hours | 24 Hours 


Strainenum bene nee LV 1s) moe | 7 Dales eee oF igfae || Pe 
Number TOMATO Plants ------ | 8 8 | 8 8 8 8 8 8 
Number of Plants Infected ----- | © 0 il 0 5 8* 8 87 
Plants with Stem Lesions -_-____- | © pte ft © es 0 8 0 


*Few small spots on lower leaves. 
+Numerous small spots on lower leaves. 


It should be noted that in the nine hour interval, the number of to- 
mato plants infected by the potato strain was greater than the number 
of plants infected by the tomato strain. However, the plants infected 
by the potato strain contained only a few small lesions‘on the very lower 
leaves. 


Heavy infection on the upper foliage which is much more resistant 
to the potato strain, appeared only on the plants that were left in the 
chamber for twenty-four hours. In certain inoculation experiments for 
demonstration purposes where temperature conditions were too high 
for optimum germination of P. infestans spores, the potato strain some- 
times infected only a few of the lower leaves or failed entirely and vice 
versa. 

It is questionable whether the potato strain will infect tomato foli- 
age in nature. By close observation in fields where the two plants were 
interplanted and the potato foliage heavily infected, no infections could 
be noted on the tomato foliage. Fields of tomatoes heavily infected were 
also observed in which intermingled potato plants were growing free 
from blight. It would appear, therefore, that the two strains are rather 
closely host adapted, and that a transfer from one host to the other takes 
place only under the most favorable conditions. 


TABLE 9.—Time Required for Penetration and Infection On Potato 
Plants. 


Time in Moist Chamber After Inoculation 


Items Considered 
RA Hours|5//2 Hours | 9 Hours | 24 Hours 


Strain Numberm a= aes Tied) Pea PLANES || Pale (aleve | Pekar ae | nek; 
Number POTATO Plants(in pots) |14 14 14 14 14 14 14 14 
NumbernsoreStemsn = ===e=—= = aa 24 38 32 Sia 36 48 32 48 


Number of Stems Infected ----| 0 13 8 28 6 48 18 48 
Number Lesions on Body of Stem] 0 | 8 0 18 9 46 2 48 


*Tomato strain from West Virginia. 
yPotato strain from Maine. 
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From the foregoing results it appears to take a longer interval of 
time for the potato strain to penetrate the tomato tissue and produce in- 
fection than it required for the tomato strain. On the other hand, the 
results given in Tables 5, 6, and 8 indicate that it takes a longer period 
of time for the tomato strain to penetrate the tissues of the potato plant 
and produce infection than is required by the tomato strain. The num- 
ber of potato stem infections produced by the tomato strain was appre- 
ciably less and the diseased lesions did not progress as rapidly as those 
produced by the potato strain. This has manifested itself in several 
inoculation experiments. 


Series 11-—The object of this experiment was to test the degree of 
stability of the tomato and the potato strains of P. infestans. A tomato 
strain, 17T, isolated from a diseased tomato fruit collected at Davis, 
West Virginia, was grown on potato tubers for twelve months. It was 
transferred forty-nine times during this period. A potato strain, 18P, 
isolated from a diseased potato leaf, gathered in our pathological garden 
at Morgantown was carried for four months on tomato plugs cut from 
green tomato fruits. During this period it was transferred fifteen times. 
It was then transferred to young tomato stems sterilized by soaking in 
a solution of 1:1000 bichloride of mercury, rinsed in distilled water, then 
dipped into alcohol and flamed. The stems were then placed in sterile 
test tubes with a moist cotton plug in the bottom. The fungus was trans- 
ferred into a slit into the side of the stem, as the potato strain will not 
grow on tomato stems unless inserted through the epidermis. After 
three transfers at intervals of two weeks each, the fungus growth became 
so weak that it had to be transferred back to the tomato plugs, on which 
it was grown six weeks longer, being transferred five times. The fungus 
was then transferred to halves of potato tubers to secure better growth 


and produce a sufficient quantity of sporangia to inoculate a number of 
plants. 


TABLE 10.—Inoculation of Tomato Plants with Tomato and Potato 


Strains. 
StrainmNumbors sso oe en sone ifaw 18P 
Number a0 MAO me lanksae= == == 43 | 40 
INUMDeT Elan tse nected ee =e 437 40* 
Plants with Stem Lesions._____.-___ | 43 | 0 


*Small lesions, mostly on lower leaves. 
{Typical late blight lesions on leaves and stems. 
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TABLE 11.—Inoculation of Potato Plants with Tomato and Potato 


Strains. 
Strato N uM Dons =e et ee ikea 18P+ 
Number POTATO Plants __________ iY} | 12 
Total Number of Stems -.___.-..__ 22 26 
Number of Plants Infected ________ 10 | 12 
Stems with Stem Lesions _________-_ 16 | 26 


*Tomato strain from Davis, West Virginia. 

7Potato strain from Morgantown, West Virginia. 

The fact that a tomato strain could be grown for about one year on 
potato tissue with constant transferring on the average of once a week, 
and that a potato strain could be grown on tomato tissues for seven 
months and retain its original virulence, indicates that these strains 
possess considerable stability. 


Series 12.—In this series we have a comparison between a tomato 
and a potato strain of the fungus, obtained from Australia, with a to- 
mato and a potato strain isolated at Morgantown, West Virginia. It is 
remarkable to note that the same biological differentiation prevails in 
Australia as in America. 


TABLE 12—Comparison of Tomato Strains from Australia and 
from West Virginia on Tomato Plants. 


Sunn. INGA ere Se abla ISIE | 19T ie 
Number TOMATO Plants .__-- | 12 | 12 12 12 
Number Plants Infected ------ 12; 12* 12+ 25 
Plants with Stem Lesions .____ 12 | 0 12 | 0 


*Small lesions, mostly on lower leaves. 
+Typical late blight lesions on leaves and stems. 


TABLE 13.—Comparison of West Virginia Potato and Tomato 
Strains with Potato and Tomato Strains from Aus- 


tralia. 
Siuiaubay INN 2-2 eae tes | Hi bate? | IT OD et, 
Number POTATO Plants -_--| 14 13 15 12 
INVimber One Stemsay= === = 44 32 | 46 37 
Number of Plants Infected_--- 10 | 13 16 12 
Number of Stems Infected -___| 16 | os Niro 37 


*Tomato strain from Morgantown, West Virginia. 
**Potato strain from Morgantown, West Virginia. 
;Tomato strain from Australia. 

tPotato strain from Australia. 


The Australian potato strain produced numerous small spots, most- 
ly confined to the lower leaves, similar to the infection produced by the 
American potato strain. The Australian tomato strain produced typical 
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late blight lesions on both leaves and stems of the tomato plants. These 
stem lesions, however, did not progress as rapidly as the one produced 
by American strains. This was noted in repeated inoculation tests. 


Series 13.--In this inoculation experiment we have a number of 
strains from widely separated continents for comparative study. 


isa] 


TABLE 14.—Inoculation of Potato Plants with Potato and Tomato 
Strains from Five Different Countries. 


Strain Number  __-_------------------ | 20P | 21P 22P | A 19M 23bs h240 
Number POTATO Plants ------------ | 6 6 6 | 6 6 6 6 
Hours Required for Infection to Appear | 80 80 80 90 | 90 80 12 
Number of Plants Infected ---------- (eG Sh Gue lee Gels serene es 


TABLE 15.—Inoculation of Tomato Plants with Potato and Tomato 
Strains from Five Different Countries. 


i ee ES 
Strain Number ----------------------  20P PelP Perle ot 23P | 24T 
Number TOMATO Plants ----------- i; & Hl | 6 6 6 6 
Hours Required for Infection to Appear 60 | 60 | 60 64 70 60 94 
Number of Plants Infected ---------- Ga @ iG | 6 6 6 6 
Plants with Stem Lesions ._---------- | © | © |v 0 6 0 6 


The sources of the strains used in this series were as follows: 
20 P—Potato strain from Bermuda. 

21 P—Potato strain from Holland. 

22 P—Potato strain from England. 

7 P—Potato strain from Australia. 

19 T—Tomato strain from Australia. 

23 P—Potato strain from West Virginia. 

24 T—Tomato strain from West Virginia. 


It should be noted that a potato strain of P. infestans did not pro- 
duce a stem lesion or a typical late blight lesion on the foliage of the to- 
mato plants in any instance. In all cases, however, numerous small 
lesions were produced on the lower foliage with a gradual diminution 
in size and number towards the younger foliage. On the other hand, 
typical late blight lesions were obtained on both foliage and stems of all 
tomato plants inoculated with the American and Australian tomato 
strains. An accurate account was kept of the period of incubation re- 
quired for the various strains. It should be noted that the period of 
incubation for the potato strain on tomato is shorter than that of the 
tomato strain on the same host plant, although as was shown in Series 
Nos. 8 and 9, it takes a longer period of time for the potato strain to 


penetrate the tomato tissue and produce infection than is required for 
the tomato strain. 
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Series 14.4-To study further the relative pathogenicity of the to- 
mato and the potato strains on potato, inoculations were made upon po- 
tato plants of the variety ‘‘Suecess’’ which has a rather resistant foliage. 


TABLE 16.—Inoculation of Resistant Potato Plants with Tomato 


and Potato Strains. 


SiraimN UM Neh we eee ewe ee S GU | 18Pi 
Number POTATON Plants 22-05) 2224 12 | 12 
hovalNumberlot Stems, 222222 22 = 21 | 18 
Number of Stems Infected =2==2_--— 1 12 


Stems with Stem Lesions __________ | 0 9 


*Tomato strain from Morgantown, West Virginia. 

7Potato strain from Morgantown, West Virginia. 

The fact that only one plant was infected by the tomato strain 
again indicates that this strain does not possess the same virulence on the 
potato plant as that possessed by the potato strain. 


Series 15.——Green tomato fruits about half to two-thirds grown 
were inoculated by placing droplets of water containing a rich suspen- 
sion of sporangia on the blossom ends of the fruits. Great care was 
taken to select fruits free from blemishes or bruises. The tomatoes were 
separated into two similar lots. One lot was inoculated with a potato 
strain and the other with a tomato strain. A plate from each lot was 
removed from the inoculation chamber at intervals as shown in Tables 
17 and 18. The droplets containing the inoculum were removed by 
means of filter paper immediately after taking the fruits from the moist 


chamber. 


TABLE 17.—Inoculation of Tomato Fruits with Potato and Tomato 
Strains and Infection with Different Lengths of Time 


in Inoculation Chamber. 
Time in Moist Chamber After Inoculation 
ue teeootes ores “3% Hours| 5 Hours | 8 Hours | 10 Hours | 24 Hours 


Strain Number ----- 26P* |27Tt |26P* |27TF |26P* 27T} |26P* |27T+ |26P* |27TF 
Number TOMATO 

Enis eee oe sae 8 8 8 8 8 8 8 8 8 8 
Number of 

Fruits Infected ---| 0 0 0 3 0 | 4 0 6 0 8 


*Potato strain from Parsons, West Virginia. 
;7Tomato strain from Parsons, West Virginia. 
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TABLE 18.—Inoculation of Tomato Fruits with Potato and Tomato 
Strains and Infection with Different Lengths of Time 
in Inoculation Chamber. 


Time in Moist Chamber After Inoculation 
2 Hours |3 Hours |6 Hours |10 Hours [24 Hours 


Items Considered 


Strain Number -____ 28P* |27T} |28P* |27 TF [28P* |27TF |28P* |27T+ |28P* |27 TF 
Number TOMATO — | | 
Fruits es---2eo- == il) [fF a@ 10 10 10 10 10 10 LOS Eat() 
Number of Fruits | | | 
Infected #2======,-=— 0 0 ® | al 0 5 0 7 0 | 10 


*Potato strain from Bermuda. 
+yTomato strain from West Virginia. 


Out of the 90 fruits inoculated with the potato strain not a single 
infection was noted. While the tomato strain in one case produced in- 
fection within a period of three and one-half hours after inoculation. 
The first signs of infection were noted five days after inoculation. 


In another experiment sound, green tomato fruits were divided into 
three lots of twenty each. One lot of twenty tomatoes was inoculated 
on the uninjured surface with the tomato strain of P. infestans; another 
lot of twenty tomatoes was inoculated on the uninjured surface with the 
potato strain; and the third lot of twenty tomatoes was first wounded 
by means of numerous light pin pricks, and then similarly inoculated 
at the points of injury, with the potato strain. The method of inocula- 
tion was the same as described for Series No. 15. All fruits were allowed 
to remain in the inoculation chamber for twenty-four hours. In four 
and one-half days the first signs of infection were noted on the wounded 
fruits inoculated with the potato strain. All fruits inoculated with the 
tomato strain showed signs of infection five days after inoculation. None 
of the sound fruits inoculated with the potato strain became infected. 
Tomato fruits do not have stomata. It is evident, therefore, that the 
potato strain is not capable of penetrating the cutinized epidermis of 
the tomato fruit. However, when the epidermis is ruptured, infection 
takes place. The diseased areas thus produced by potato strains of 
P. infestans enlarge at a much slower rate than those produced by a 
tomato strain. The resistance of tomato fruit to the invasion of the 
potato Phytophthora is to be explained not only by the inability of the 
fungus to gain entrance, but also by the presence of some resistant prin- 
ciple inherent in the tissues of the tomato. 


FIELD OBSERVATIONS 


The development of potato and tomato late blight in nature has been 
under observation by the writer for more than ten years. During this 
period, it has always been noted that the late blight of tomato makes its 
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appearance from four to six weeks after the potato late blight. In in- 
stances where the early development of the blight was kept under close 
observation, the first signs of tomato blight were found on the plants 
adjacent to potato plants that were heavily infected with P. infestans. 

In plots where tomatoes and potatoes were planted in alternate rows 
the potato plants sometimes became infected and completely died before 
any signs of infection could be noted on the tomato plants. It may be 
of interest to quote a passage from Dr. Brittlebank’s* letter to Dr. Gid- 
dings in this connection: ‘‘Prior to the advent of P. infestans in our 
potato crop there was no record of tomato plants being affected, and we 
did not observe a case until the year following the first epidemic of late 
blight. ”’ 

STUDIES OF THE FUNGUS IN CULTURE 

In determining the H-ion concentration of the extract of tomato 
fruits, leaves, and stems as well as that from potato tubers, stems, and 
leaves, it was found that the tomato extracts have a higher acidity than 
the potato extracts. This led to the belief that the difference in strains 
may perhaps be due to a higher acid tolerance of the tomato strain. Ac- 
cordingly, a series of oatmeal agars with varying concentrations of cit- 
ric, lactic, and malice acids was prepared. The results obtained were not 
uniform enough to warrant any definite conclusions. It was found, how- 
ever, that the tomato as well as the potato strain would grow on a 
medium of much higher acid content than that of the tomato fruit or 
stem extract. 

Strains of P. infestans from tomato when transferred to raw potato 
tubers, will in most cases, grow as luxuriently as the fungus from potato 
on the same medium. It has been repeatedly observed, however, that 
the growth of the tomato strain is inhibited to a much greater extent 
than that of the potato strain when grown on tubers of blight resistant 
varieties, or tubers that have been in storage for a considerable time. 

The potato strain can be cultured on blocks cut from green tomato 
fruits but the growth produced is less vigorous than that produced by 
the tomato strain when grown on raw potato blocks. The potato strain 
has a tendency to produce deformed and undersized sporangia when 
grown on tomato tissue. 

The facts that the tomato strain can readily be transferred to potato 
tubers and the potato strain can be induced to infect tomato fruits when 
inoculated through the epidermis led several investigators to believe that 
there was no biological specialization and that the fungus on potato read- 
ily passed over to the tomato plants in nature. 


- i i S is i $ ¢ ittlebank, of Melbourne, 

The writer wishes to express his indebtedness to Dr. C. Brittle a0 i 
peat tor his prompt and splendid cooperation in furnishing us cultures of P. wifestans, 
seeds of ‘Solanum aviculare, and valuable information on the behavior of P. infestans in 


Australia. 
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Considerable divergence has been observed in the behavior of both 
the potato and the tomato strain in culture. Some cultures will go into 
a vegetative stage after being cultured for a short period of time, and 
fail to produce sporangia when transferred to raw potato blocks. Other 
cultures will consistently produce sporangia in profusion even after 
years of culture on artificial media. Sometimes a culture will lapse into 
a quiescent state for a period of time, producing only sparse growth, and 
then suddenly regain vigor and produce a very profuse growth. 

Oospores.— Oospore-like bodies were first observed in 1919 in po- 
tato and tomato strains obtained from Australia. The fungus was cul- 
tured on raw potato tubers at that time. These bodies were produced 
in quantities and in several instances approached maturity although 
the majority disintegrated in a short time. Bodies of similar nature 
have been observed frequently since in other cultures. These bodies are 
formed in the aerial mycelial weft, but never in the potato tissue. The 
writer is inclined to believe that these bodies are abortive oospores which 
do not function in the life cycle of the fungus. 

Mature oospores with well defined amphigenous antheridia have 
been found, occasionally in cultures grown on Quaker Oat media. 
Oospores do not seem to be produced with any degree of regularity. Cul- 
tures that produce oospores at one time may fail to do so under identical 
conditions at another time. Well defined oospores were never found in 
American cultures. The cultures in which oospores were produced were 
obtained from Australia, Holland, and England. The cultures that pro- 
duced oospores were very vigorous growers and produced very few 
sporangia. 


SUMMARY 


1.—The P. infestans which produces late blight of tomato differs 
biologically from the form which produces potato blight. This has mani- 
fested itself in a large number of inoculation experiments. 


Foreign strains of the fungus studied behave like American strains 
in this respect. 


2.—The potato P. infestans will infect the tomato fruit and leaves 
under artificial conditions. The older leaves are most susceptible. On 
such leaves numerous small lesions are produced in which the fungus 
soon dies out and the plants fully recuperate. The tomato fruits could 
not be infected with this strain, unless by first rupturing the epidermis. 

3.—The period of incubation for the potato strain, when inoculated 
on tomato plants, is shorter than that of the tomato strain on the same 
host and vice versa, in the forms studied. 

4.—In all cases observed under natural conditions, potato late blight 
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appeared earlier in the season than the tomato late blight and wherever 


tomato late blight was found potato late blight also oecurred in close 
proximity. 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


(13) 
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A BALANCED AND AN UNBALANCED RATION FED PRIOR TO 
THE HATCHING SEASON AS AFFECTING THE HATCH- 
ABILITY OF EGGS AND THE VIGOR OF THE PROGENY 


The period during which hens can produce eggs profitably is 
usually limited to the first two years of their lives. This makes it nec- 
essary, in practice, to replace about one-half of the laying flock with 
pullets each fall, and as this requires raising at least twice as many 
chickens as there are birds in the laying flock any information which 
sheds light on the factors which affect the hatchability of eggs or the 
vigor of chickens is of practical importance to the poultryman. 

Does heavy laying during the winter and early spring months 
measurably decrease the hatchability of the eggs, or the vigor of the 
progeny produced later in the season? If this should be the case it 
would be necessary, for best results, to feed and manage the breeding 
flock so that few eggs would be produced during the period immedi- 
ately prior to the hatching season. 

The experiment herein reported was planned to give the informa 
tion desired. 

General Plan of the Experiment 

The experiment was begun November |, 1923, and was con- 
cluded September 19, 1925. The fowls used were Single Comb 
White Leghorns of the strain developed at the West Virginia Agricul- 
tural Experiment Station. The birds were hatched May 9, 1923, and 
they were raised under practically free range conditions. 

Six pens of fowls were employed, each consisting of 16 female 
birds. They were housed in separate colony houses, numbered 4 to 9, 
and trapped. During the winter of 1923-24 the fowls in houses 5, 8, 
and 9, hereafter designated as Lot 1, were fed for egg production, 
while the other fowls were fed principally upon whole grain so that 
few eggs were laid. During the succeeding winter, however, the ra- 
tions were reversed, the fowls in Lot 2 being fed for eggs and those 
in Lot | receiving the whole grain ration. 

In the spring of 1924 and also in 1925 eggs laid by these fowls 
were incubated and a record was kept of the fertility and hatchability 
of the eggs and the mortality and rate of growth of the offspring. 

RATIONS USED 

The mixture of whole grain consisted of two parts by weight of 
yellow corn, two parts of wheat, and one part of oats. The mash was 
composed of two parts of yellow corn meal, and one part each of 
wheat bran, wheat middlings, and meat scrap. The mash was self-fed 
in hoppers and the whole grain in straw litter. The fowls fed for egg 
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production also received a moderate allowance of semi-solid butter- 
milk. The fowls fed for low egg production were fed liberally upon 
the whole grain mixture until a short time before eggs were saved for 
hatching. Then these fowls, also, received mash and semi-solid but- 


termilk. 
WEIGHING THE FOWLS 
Each bird was weighed at the beginning of each calendar month, 


beginning November 1, 1923. This was done at night soon after the 
birds had assembled on the perches. 

Table | shows the number of pounds of feed consumed by each 
lot of 48 fowls per month, the total number of eggs laid per month, 
and the average weight of the birds. 


TABLE 1.—-Feed Consumed, Eggs Laid, and Average Weight of Birds by Months 
for Lots 1 and 2 During the First Year. 


Lot 1, Pens 5, 8, and 9, Fed for High Egg Production 


mouths |wisiitain| Taunde | semiSola | Reptrugt |*or Shag ta 
1923 | 
eth OE ete 45 | 408 498 
December (75) ee ae ee 3.49 
ae oe eee ee iV awebeey 5 
Peletaey 156 114 43 529 BO) 
March 154 fos sas 1012 3.68 
Ressiil 167 | «183 ere 1109 3.64 
May 173 | 181 46 1084 3063 
lave 172 150 38 964 3.54 
July (64° oer 35 877 3.61 
Moree 132 158 35 632 eee 
Sepiamber | us 141 33 301 5037 
@ciobes 131 igen eee 128 3.41 
Tincal 1894 1699 496 7612 


TABLE 1.—Continued, 


Lot 2, Pens 4, 6, and 7, Fed for Low Egg Production 


Pounds Pounds Pounds A 
Month ‘ A : Numb f | Averag ight 
onths Whole Grain Mash Semi Sold Beas Laid of Birds fe 
1923 
November 188 60 21 323 37.09 
December 195 60 200 33.0 
1924 
January 245 39 3034 
| 
February 237), 175 323 
March 244 429 By. SWE 
April 221 259 2.89 
May 171 146 33 842 Zp 
June C7 154 38 1036 329 
July 164 173 35 940 S}, 538} 
August Sz 159 Bye) 843 Sh Ae) 
September 126 135 33 566 3520 
October 132 117 Bis) 205 B32 
Se ee eet 
Total 2226 1004 230 5857 


Lot 1, which received the better balanced ration during winter, 
consumed 4089 pounds of grain, mash, and semi-solid buttermilk and 
laid 7,612 eggs, while Lot 2 consumed only 3,460 pounds of these 
feeds and laid 5,857 eggs. This illustrates the fact that the better the 
ration the more the fowls will eat and the better they will lay. It may 
be observed, also, that the maximum rate of egg production in the 
case of Lot 1 was during April and May, while with Lot 2 the max- 
imum was reached about a month later. 

The ration of whole grain only during January, February, March, 
and April had a marked effect upon the weight of the birds. On May 
1, at the expiration of the period of exclusive whole grain feeding, the 
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birds in Lot 2 averaged 2.57 pounds in weight or nearly one-half 
pound less than they weighed six months earlier and this decrease had 
taken place in spite of the fact that they were fed all of the whole 
grain mixture that they would consume. On the other hand the birds 
in the other lot on the better balanced ration had an average weight 
of 3.63 pounds, or a difference in the weight of the fowls in the two 
lots of more than one pound per bird. With the addition of mash and 
semi-solid buttermilk to the ration for Lot 2 these birds rapidly in- 
creased in weight and also in the rate of egg production. 

The influence of the two rations used during the four months on 
the mean weight of the eggs laid during that period has been discussed 
in West Virginia Experiment Station Bulletin No. 201 entitled, Some 
Factors Affecting the Weight of Eggs. 


HATCHING THE EGGS 

A white Leghorn cockerel was placed with each pen of 16 birds, 
and beginning a few days before and during the time when eggs were 
saved for hatching these males were systematically and regularly 
changed daily from one pen to another so as to avoid as far as possible 
the effect of any possible difference in the breeding abilities of the 
males. 

Two hatches were made in Cyphers 400 egg incubators. For the 
first hatch eggs were saved from May 15 to May 20 and the incubator 
was started May 21. For the second hatch the eggs were saved from 
May 21 to May 26 and the eggs set on the following day. Table 2 
gives the details of the two hatches. 


TABLE 2.—Fertility and Hatchability of Eggs Laid by the Two Lots of Fowls. 


Data Recorded for First Hatch Lot 1 Lot 2 
Numbersoteggs incubated amet: se kee ate 194 188 
Per cent of eggs hatched (akc ae ee ae eae 83 74 
Pemicentiot eces fertile: ster ae er errr 91 92 
Perecent of feruleseses hatcheau my es ee 91 80 
Data Recorded for Second Hatch Lot 1 Lot 2 
Numberrothesos uncubateds er ais = rir ire rere 192 207 
Percent of eges hatchedtq 745.425 7 ea i aoe 88 85 
Percent otseces terulene aa. oes San een re 94 94 


Per cent'of fertile eggs hatched ......-4-.5:.-:-45 93 90 
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The fertility was almost the same in the eggs from both lots of 
fowls. In the first hatch the hatchability was greater in the eggs from 
Lot |, but in the second hatch the difference was slight. 


RAISING THE CHICKENS 
The chicks were toe marked and brooded in Mammoth brooders. 
Both lots ran together and were given free range. The birds were 
weighed individually on September | 3 at which time those of the first 
hatch were 94 days old and those of the second hatch 88 days old. 


Deaths from weakness or disease were reasonably low as only 5.7 


per cent of the progeny of the fowls in Lot | died, and 2.5 per cent 
or ] ot 2. 


Table 3 shows the number of chicks weighed, the sex, and the 
mean weight of the birds hatched from eggs laid by the two lots of 
fowls. 


TABLE 3.—Weight of Chickens on September 13, 1924, for the Two Hatches. 


Data Recorded for First Hatch | Lot 1 Lot 2 
Number of males | 74 77 
Number of females | 69 54 
Mean weight of males - 2.62+.02 2.60+.02 
Standard deviation in weight of males .236+.013 | .212+.012 
Mean weight of females 2.06+.01 2.04+.02 
Standard deviation in weight of females 145+.008 | .191+.012 
Data Recorded for Second Hatch Lot 1 Lot 2 
Number of males 65 90 
Number of females 86 78 
Mean weight of males 2.31+.02 2.37+.02 
Standard deviation in weight of males 244+.014 | .265+.013 
Mean weight of females 1.86+.02 1.85-+.02 
Standard deviation in weight of females 193+.010 | .225+.012 
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The table shows that there was no significant difference in the 
weight of the chickens resulting from the two different ways of feeding 
the breeding stock. There also was no significant difference in var- 
iability in weight. The males averaged about one-half pound heavier 


than the females. 
Second Year of Test 


During the second year the experiment was conducted on the 
same lines as during the first year, with the exception that the rations 
were alternated as has been already explained. 

Table 4 shows the amount of feed consumed, number of eggs 
laid, and the average weight of the birds during the second year of 
the test. 


TABLE 4.—Feed Consumed, Eggs Laid, and Average Weight of Birds by Months 
for Lots 1 and 2 During the Second Year 


Lot 1, Pens 5, 8, and 9, Fed for Low Egg Production 


Months ee Sela delle cae polid Batters pple ee: perigee ae 
milk Pounds 
Guiece 142 118 34 77 3.40 
December 139 1 i 3.43 
anne 240 15 3.74 
Feptaaty 242 111 4.09 
March 239 272 4.11 
Boal 240 499 3.87 
May 142 135 30 a1 ae 
Trane 73 230 33 941 4.12 
July. 69 228 34 821 3.66 
Paleuet 79 226 34 639 Bye 
September Ist 3.62 

cere 1605 1048 | 165 4217 


TABLE 4.—Continued. 


Lot 2, Pens 4, 6, and 7, Fed for High Egg Production 


P d P d i- . 
Months | ygunds., Rounds Foun Buren] embarsot | Avengers 
| mL 
ar | : Pounds 
November 142 119 34 63 Dold 
December | 141 | 143 aa), 10 32 
1925 | | 
Scot 167 109 34 92 a6 
Se 169 106 31 \wee23e aa 4.03 
March =| 169° III 34 663 4.02 
neil tre Ve 33 1005 4.04 
May (aa Peay Sa = 4635 3.78 
June | 71 | E39 | 33 958 3.84 
July 67 233 Sai dh) A973 3.82 
Negus! | 70 Tiger = 444 1) B10 3.79 
September Ist | | 3.63 
| | eens 
Total 
he eae i350) 1507 335 | 5842 


Although the fowls of Lot | during January, February, March, 
and April were fed liberally, they consumed considerably less feed 
than the fowls in Lot 2, did not lay so well, and were slightly more 
than one-half pound lighter in weight at the end of that period. The 
maximum rate of egg production for Lot 2 was reached during April 
and May while with Lot | the maximum was reached about a month 
later. 

HATCHING THE EGGS 

All of the eggs laid by both lots of fowls from May 12 to 24, in- 

clusive, were incubated in two 400 egg size Cyphers incubators. Table 


5 gives the details of the hatch. 
There was no appreciable difference in the fertility or hatchability 


of the eggs from the two lots of fowls. 
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TABLE 5.—Fertility and Hatchability of the Eggs During the Second Year. 


Data Recorded for the Hatch Lot 1 Lot 2 
Number of eggs incubated .......-...-.--++++:-- 415 413 
Per cent of eggs hatched .........---.--+-: Be oe 83 82 
Pervcentof eges fertile) = .-2m- 10) 2 oS ee 91 92 
Percent of fertile eggs hatchediie.) sete a aerate | 90 89 


The two lots of chicks were toe-marked and then placed together 
in one flock. They were brooded in two Mammoth brooders and 
given free range during summer. The mortality from weakness or 
disease was reasonably low, the number of recorded deaths being 13 
or 3.8 per cent for Lot 2 and 17 or 4.9 per cent for Lot I. 


WEIGHING THE CHICKS 

The chicks were weighed individually on September 19, 1925, 
when they were 96 days old. Up to that time 5 had met accidental 
deaths, 25 had lost their distinguishing marks so that it was impossible 
to determine to which lot they belonged, and 48 were missing, prob- 
ably having been caught by cats or crows. Table 6 gives the details 
of the weights of the 573 chicks remaining. This table shows that 
there was no difference in the weight of the chickens hatched from 
eggs laid by the two lots of fowls. 


TABLE 6.—Weight of Chicks September 19, 1925. 


Data Recorded Lot 1 Lot 2 
Number of males 133 124 
Number of females ld 17 
Mean weight of males De 2 Nea KOZ PJ Vas\()72 
Standard deviation in weight of males 22 Ss50i WOR =O 
Mean weight of females M7420) [e7iozZ= 701 
Standard deviation in weight of females 2 =n 0) 2 =n Oit 
Conclusion 


This experiment affords no evidence tending to show that a rea- 
sonably heavy egg production immediately prior to the hatching sea- 


son has a detrimental influence on the fertility or hatchability of the 
eggs or on the vigor of the progeny. 
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Some Phases of the Relation of Temperature 
to the Development of Inseéts 


Investigators early in the modern scientific era recognized the 
influence which temperature exerted upon the rate of growth ir 
plants. Reaumur, as early as 1735, recognized this relation as a 
quantitative one and suggested the idea that the total amount of 
heat, expressed as temperature summations, required to produce a 
given growth effect, was a constant. The method of summation, as 
used by Reaumur, assumed that temperatures above the zero of 
his thermometer, 7. e., the freezing point of water, were effective 
while those below zero were not. 


Variations in the experimentally determined thermal constants 
were later associated with the effect of other climatic factors in the 
processes of growth and led to the search for more accurate meth- 
ods for the summation of temperatures. Credit appears to be due 
de Candolle (1832, vide de Candolle 1855) for the statement that 
effective temperatures do not necessarily persist down to zero but 
that some point above zero should often be used as the basis for 
summations of the thermal increment. 


From the time of de Candolle’s early work progress for some 
fifty years was mostly in the line of accumulation of statistics in 
which many investigators participated. 


Van Oettingen (1879) seems to have been the first to recognize 
the straight line relationship of the coefficients of velocity increase 
in the rate of growth. As the “threshold of development,” a term 
also apparently first used by Van Oettingen, he assumed several 
possible temperatures, all within the limits of the possible course 
of the straight line, and from each of these computed the thermal 


The project reported in this report was, in its conception, a continuation of work 
begun by Dr. Dwight Sanderson at the New Hampshire Agricultural Experiment Station, 
and by him transferred to the West Virginia Agricultural Experiment Station, where it was 
continued by the writer. During the year 1916-1917 the work was done in the Zoological 
Laboratories of the University of Chicago. Later it was continued in the entomological 
laboratory at the West Virginia Agricultural Experiment Station. 

Acknowledgements are due to Dr. Sanderson for advice and assistance at the beginning 


of the project and for continued interest throughout; to the members of the faculty in 
Zoology at the University of Chicago who have contributed in various ways to the progress 


of the work. 
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increments for each point on the line. The zero point which gave 
values for the thermal increments at the several points which were 
most nearly in agreement was assumed to be the actual threshold. 
This method does not differ in principle from that used in this 
paper and will give results approximately the same as the method 
of least squares. 


Investigators working with eggs of silk worms early recog- 
nized the influence of temperature in the time of hatching (Beau- 
vais, 1837, and numerous others). Whether they or the fish cultur- 
ists were the first to recognize the influence of temperature on cold 
blooded animals as similar to that observed with plant growth is 
not certain but it was early clearly brought out in the works of the 
fish culturists: Green (1870), Dannevig (1894), Wallich (1900), 
Reibisch (1902), and others.* 


Fere (1894) and Edwards (1902) have shown that warm 
blooded animals may be subject to a similar effect of temperature 
variations as they demonstrated that the rate of development of 
the egg of the domestic fowl depends directly upon the temperature 
at which it is incubated. 


The law of van’t Hoff (1884) and Arrhenius’ (1889) formula 
based upon it, demonstrated the relation of the velocity of chemical 
reaction to the degree of heat and showed that the coefficient for 
the increase in velocity was frequently between two and three for 
each ten degree increase in temperature. These formulations, 
coming as they did at a time when biologists had turned to physics 
and chemistry for the explanation of vital phenomena, have had 
a rather profound influence on the interpretations of temperature 
data from the beginning of the present century. Lillie and Knowl- 
ton (1897) showed that the coefficients for the increase in velocity 
of the development of eggs of Amphibians decreased with increased 
temperatures and this agrees with the van’t Hoff coefficients. Many 
later workers, mostly in the botanical field, have found that the 
variations observed in rate of growth can most readily be explained 
in terms of this law, assuming generally that the coefficient is near- 
ly the same for each ten degree temperature change. Lehenbauer 
(1914) found no better way to describe his results with the growth 
of maize seedlings; Livingston applied the law of van’t Hoff but, 
for practical purposes, supplemented it with certain physiological 
indices furnished by living plants. 


pace *Kupfer (1876) denied any influence of temperature upon time of hatching of fish 
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Reibisch (1902) in his work with fish eggs described the de- 
velopmental curve as an hyperbola and calculated, from the formula 
of the curve, the point which should represent the threshold of 
development and from which thermal constants or thermal incre- 
ments should be computed. He showed also that development is 
possible, with fish eggs of some sorts, below the centigrade zero, 
provided the density of the solution is great enough to prevent 
freezing. Some years later Sanderson and Peairs (1914) and 
Krogh (1914) arrived independently at conclusions essentially 
identical with those of Reibisch. Krogh and Johannsen (1914), 
and Krogh (1914) based their conclusions on work with insects, 
amphibians, echinoderms, and fishes, while Sanderson and Peairs 
worked with several different kinds of insects. 


Loeb and Northrup (1917) showed further evidence of the! 
straight line relationship but their .work indicated, as did the) 
earlier work of Krogh, some departure from the straight line con-! 
dition near the base of the curve. Krafka (1920) discussed the: 
possibility of interpreting this aberration as an entirely different 
type of curve. It was Shelford (1917) however, who first pointed | 
out the fact that this type of departure from the straight line was 
rather general and indicated the necessity for a more adequate: 
interpretation of it than had yet been offered. 


That temperature affects other vital processes in essentially 
the same manner as it affects growth and development has been 
indicated by many investigators. Snyder (1908 and 1911) showed 
that the conductivity of muscle fibre was affected; Rogers (1911) 
demonstrated the same for the rate of heart beat; Loeb and Was- 
teneys (1911) showed that the temperature relation for the oxygen 
consumption and carbon dioxide production of eggs of Arbacia was 
similar to the relation of temperature to development; and Krogh 
(1914 and 1916) showed the same for the carbon dioxide produc- 
tion of insects. 


Several other physiological processes have been shown to be 
affected but the data is not such as to permit the demonstration of 
the analogy in all cases. 


The foregoing statements cannot be said to cover the work 
which has been done on the subject. Valuable summaries will be 
found in the works of Bachmetjew (1901 and 1907), Abbe (1905), 
Kanitz (1915), and Shelford (1917). . More or less direct appli- 
cations of the principles involved will be found in Merriam (1894), 
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Hopkins (1900, 1918, and 1919), Sanderson (1908 and 1910), and 
in many American entomological studies of recent years. Mention 
of these papers will be found in the bibliography. 


EXPERIMENTAL WORK 
Objects 


The experiments herein reported were designed to determine: 


1. The developmental curves for insects reared at different 
constant temperatures. 


2. Whether a constant threshold of development can be ex- 
perimentally demonstrated and, if so, the method for its determin- 
ation. 


3. The validity of the theory of the “Thermal Constant,” and 
assuming such a constant, the correct method for its determina- 
tion. 


4. The differences in the effects of constant temperatures and 
of variable temperatures upon growth and development. 


5. The correlation of the production of carbon dioxide with 
the rate of development at different temperatures. 


6. Whether minor variations in other factors, such as light 
and moisture, have a sufficiently great influence upon rate of de- 
velopment to affect materially the interpretation of results based 
upon temperature variations alone. 


Explanations of Terms Used 


1. Effective temperature: All temperatures within the ex- 
perimentally determined range where development may take place. 


2. Thermal constant: The total of effective temperatures, 
expressed in day-degrees, to which the organism is subjected dur- 
ing the developmental period under consideration. 


3. Day degrees: One degree of temperature above the zero 
for the developmental curve, enduring for a period of one day, 
constitutes a day-degree. 


4. Zero of velocity curve: The point at which the curve of 
velocity of development intersects its temperature axis.* 


This is the “Developmental Zero’’ of Sanderson and Peai 

a : : aca meer : isl 

termed Physiological zero”, Critical point’, and “Threshold of eae sonia 
these terms, used in this connection, are inexact and capable of misinterpretation 
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5. Threshold of development: This term indicates the tem- 
perature at which, on the descending scale, development definitely 
ceases and at which, on the ascending scale, development is again 
initiated. This point may or may not correspond with the zero of 
the velocity curve but since there is evidence which indicates that 
the two points are not the same in all cases, it is desirable to keep 
the terms separate. The term is here used in the sense of Shelford, 
Reibisch, and Von Oettingen. 


6. Hyperbola: A curve in which the product of the two 
factors upon which any point upon the curve is based is constant. 
The formula for such a curve is X «* Y = C. 


7. Reciprocal curve: These are formed by plotting the reci- 
procal value of the time factor against the temperature factor. 
Such a reciprocal value of the time factor expresses the value of 
one day in terms of percent of development. The reciprocal for 
a perfect hyperbola is a straight line. The approach of the points 
on the reciprocal curve to the straight line, therefore, indicates 
the relation of the developmental curve to the true hyperbola. This 
curve shows the rate of acceleration of development. 


8. Index line, or index of development: This is the same as 
the reciprocal curve. Any point on this line indicates the rapidity 
of development at the temperature corresponding. 


9. Factor or index number: The value of one day expressed 
in percent of the whole period required. This may be read directly 
on the index line. 


10. Exponential curve: A curve whose points are established 
by treating the time values, determined experimentally, with some 
factor or exponent so that their relative magnitude is changed. 
Such a curve would be necessary to express the velocity of develop- 
ment if the value of a degree at one point within the developmental 
range should prove to be different from that of a degree at some 
other point. In such event, factorial treatment of the recorded 
temperatures would be necessary in order to derive the true con- 


stant. 


11. Optimum temperature: The temperature at which the | 


greatest percentage of insects are able to complete normal develop- 
ment. This is not usually the temperature at which development 
takes place with the greatest velocity. 


i 
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Methods of Presenting the Data 


The most convenient and useful methods of presenting data 


_ of the type included in this report is by means of tables and graphs. 


Explanations accompany the tabulated material and the method of 
constructing the graphs follows. 

Curves showing the relation of the time factor to the temper- 
ature at which development takes place were constructed directly 
from the data and have been found to approximate the hyperbola 
in form. A more instructive presentation, and the one here fol- 
lowed, has been to plot the reciprocals of the time factor, showing 
the comparative values of a day at the different temperatures. Such 
curves show directly the relation between the increase in velocity 
of development and change in temperature. Inspection of these 
curves shows that they approach the straight line; it has seemed 
more satisfactory to show the relation of the points of the curves 
to a straight line than to plot the actual curves. The best fitting 
straight line has, therefore, been determined by the method of 
“least squares.” Such straight lines have been considered, in dis- 
cussions of the data, as the curves of velocity of development. The 
points on all curves have been established from points which repre- 
sent weighted averages. These give due consideration to the vary- 
ing numbers of individuals in each emergence record. Any point, 
as finally established is a component of all emergence records for 
the temperature. Similarly, each point is given a weighted value 
in the determination of the course of the final best-fitting straight 
line. 

The zero point, as has been stated before, used in the calcula- 
tion of thermal increments, is that point at which the straight line 
curve thus established, intersects the temperature axis. 


Description of Experiments 
MATERIALS USED 


Experimental work involved in this paper deals with insects 
of the following groups: 


Lepidoptera: the codling moth, Carpocapsa pomonella Linn., 
pupae; the corn earworm, Chloridea obsoleta Fabr., larvae and 
pupae; the cabbage butterfly, Pontia rapae L., larvae and pupae; 
Malacosoma americana Fabr., the tent caterpillar, pupae; Coleop- 
tera: the Colorado potato beetle, Leptinotarsa 10-lineata Say, eggs, 
larvae, and pupae; Diptera: the house fly, Musca domestica L., larvae 
and pupae; Lucilia caesar L., the green-bottle fly, larvae and pupae; 
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Calliphora vomitoria L., the bluebottle, larvae and pupae; Sarco- 
phaga carnaria L., (?) a flesh fly, larvae and pupae. 


In addition to these, many insects were studied which do not 
appear in this report for the reason, usually, that not enough 
points on the developmental curve were established to make the 
results of value in the conclusions drawn. None were omitted be- 
cause preliminary evidence was of a discordant nature. 


SOURCES OF EXPERIMENTAL MATERIAL 


All insects used in the experiments reported herein have been 
collected at Morgantown, West Virginia. Fly eggs were collected 
from meat exposed for that purpose. The collections of this ma- 
terial extended over a period of several years and may be supposed 
to represent all the usual variations to be encountered in field col- 
lected material which may be due to seasonal variation, variation 
from year to year, and individual variation in the parent insects. 
Larvae were hatched in the laboratory from the eggs thus col- 
lected. The time of hatching of all eggs used in experimental work 
was recorded accurately within one hour. Pupae were usually se- 
cured from cultures allowed to develop on food provided but kept 
under outdoor conditions; only rarely were pupae from incubator 
raised material used. When such pupae were used they were al- 
ways from the incubators within which moderate temperatures 
were maintained, e. g., 15° or 20°. The time of pupation was 
known always within three hours, usually within one or two hours, 
and always within one hour when the insects were to be placed in 
incubators at high temperatures. 

Sarcophaga larvae were taken from exposed meat where the 
time of their deposition was known within one hour. 

Chloridea obsoleta larvae were collected in the field and the 
age of the young larvae was not definitely known but all those used 
were less than one-fourth inch in length and as nearly uniform in 
size as it was possible to secure them. Pupae of this insect were 
from larvae collected in the field but allowed to pupate in the 
laboratory. 

Carpocapsa pomonella pupae were from larvae collected during 
June and July and were all, presumably, those which form what is 
known as the first brood. Time of pupation was observed within 
three hours in all material used. 

Malacosoma americana pupae used were from larvae reared 
in the laboratory, the time of pupation of which was known within 
six hours. 
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Leptinotarsa 10-lineata eggs used were those the deposition 
of which had been observed and larvae were from such eggs 
hatched in the laboratory. Pupae were from field collected larvae 
allowed to pupate in the laboratory. 

APPARATUS USED 

Specially constructed incubators of square form and having 
a capacity of about two cubic feet were used throughout the work. 
Those designed to maintain temperatures above room temperature 
were kept in the laboratory; those for temperatures of 15° and 
20° were kept inside a large refrigerator while those at 12°sand 
lower temperatures were kept in a cold storage room during the 
greater part of the course of the experiments although at times 
these also were kept in the large refrigerator. 

Heat was supplied by small electric light bulbs, blackened. 
Two and four candle power, carbon filament bulbs were used. 
In order to secure uniform distribution of the heat four or six 
of these bulbs were used in each incubator. The bulbs were 
so placed as to give the most even distribution of the heat 
throughout the chamber. Heat control was by means of thermo- 
stats, several types having been used but none giving better control 
than a small, simple, bi-metallic type. These maintained tempera- 
tures which did not vary, in any of the experiments recorded, more 
than about one-half degree centigrade above or below the desired 
temperature. 

Thermometers of several types were used. Each incubator 
was supplied with a maximum and minimum thermometer cali- 
brated against a Bureau of Standards certified thermometer. 
These indicated merely the variation, the temperature being re- 
corded from a large thermometer reading to tenths of degrees and 
kept with its bulb as nearly as possible in the center of the insect 
containers in the incubator at the time. At intervals of about a 
week the variability of the temperature was further checked by 
keeping a thermograph in the incubator for two days. 

No records were kept of material when the temperature varied 
more than one degree Fahrenheit above or below the desired tem- 
perature so the experimental error due to temperature variations 
may be considered as less than five-ninths of one degree Centigrade. 
The method of recording the temperatures from the part of the 
incubator in which the insect material was located reduces the 
possibility of error from variations within the incubator although 
repeated tests of the temperature in different parts of the incu- 
bators showed that such variation was never great. 
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Material within the incubators was always so supported as to 
allow free circulation of air below and around it but no other 
provision was usually made to secure circulation. In early tests 
circulation was provided by small electric fans but since no appar- 
ent difference in results was obtained by this method it was dis- 
continued. 

No attempt was made to keep the relative humidity constant 
but it was usually maintained at near the point of saturation. Wet 
and dry bulb thermometers were used to measure the degree of 
moisture. Semi-automatic devices feeding water onto large wicks 
suspended around the heating bulbs supplied atmospheric moisture. 
In some of the experiments with caterpillars it was found that the 
moisture was injurious and the incubators were allowed to become 
somewhat dryer inside, the moisture ranging from not less than 40 
to about 65 per cent relative humidity. 


In practically all the work reported the insects were kept in 
complete darkness or in very dim light. 


METHODS OF HANDLING MATERIAL 


Since the bulk of the material used in these studies was fly 
larvae and pupae, the description of methods here given applies to 
that material. In case methods were varied in the manipulation of 
the material, mention is made of the variation. 


Fly larvae, excepting Sarcophaga, were secured from eggs 
hatched in the laboratory, as has been stated. Usually the hatching 
was actually observed so that the time was known exactly; :n a 
few instances the time was not known within from one to three 
hours. Ordinarily such material was placed in the cold incubators 
so that the slight variable introduced would have proportionately 
less effect in the result since the developmental period in the cold 
incubators was so long that the one or two hours variation at the 
start would be “absorbed” without affecting materially the value 
of the results. No larvae were permitted to feed before being 
placed in the incubators. This further reduced the chance for any 
effect from variation in the length of time from hatching to en- 
trance into the incubators. 


Food supplied for the fly larvae was lean beef of which an 
excess was always furnished. When the feeding period occupied 
less than one week this was not renewed. Usually when the period 
of feeding extended for more than a week the food was changed 
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once in about five days. Larvae eating foliage were supplied with 
fresh food once or more each day and were transferred by hand 
from the old food to the fresh. 


Food for the flies was half buried in moist sand and kept cov- 
ered with moist blotting paper. Various containers were tried 
but the ones most used were tubes one inch by three inches with 
bottoms of plaster of paris about one-fourth inch thick. These 
were sunk in moist sand, the plaster bottoms of the tubes usually 
absorbing moisture enough to keep the sand within them in moist 
condition. The tubes were stoppered with cotton or with perfor- 
ated plaster. From twenty-five to one hundred larvae, usually the 
smaller number, were kept in each tube. When all had ceased to 
feed and entered the “pre-pupal stage,” the food was removed and 
sand added. Pupation took place in the sand and observations 
were so arranged that the time of pupation was recorded within six 
hours, except in lots where the development extended over periods 
exceeding twenty days when the observations were sometimes made 
only twice daily. 


Pupae were kept in tubes similar to those in which the larvae 
were reared or in broad flat cylinders with plaster bottoms and 
wire screen covers. About one inch depth of sand was kept in the 
bottoms of the large containers and somewhat more in the smaller 
ones. The pupae were covered with about one-half inch of moist 
sand. Emergence records were kept for the pupae similar to the 
pupation record for the larvae. 


All larvae and pupae were counted although it was found that 
sufficiently accurate estimations of the numbers might have been 
secured by weighing. 


The sand in the breeding containers was generally kept suffi- 
ciently moist by absorption through the plaster bottoms from the 
wet sand outside but daily examination was made and when they 
were apparently not absorbing enough water more was added 
directly, so that the medium, food or sand, was moist at all times. 
Since the sand used was always sterilized by dry heat and only 
distilled water was used little trouble from molds was encountered 
although this treatment did not provide entirely aseptic conditions. 


Larger containers, usually lantern globes, were used for cater- 
pillars and their pupae. 


Codling moth larvae were placed between sheets of glass sep- 
arated by about the thickness of the larvae so that their pupation 
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could be observed directly without removing them from their 
cocoons for examination. 

Throughout the work, when temperature or other conditions 
within the incubator were not according to the standard, or when 
observations were missed during a critical period so that there was 
any doubt as to the duration of the stage, the time of first emer- 
gence, or any other important fact, the lots of insects involved 
were discarded. 


Numbers of insects used are indicated in the tabulated sum- 
maries of results. These numbers were large enough in most cases, 
so that minor variations in material or occasional errors of obser- 
vations should not affect the general results. 


Conditions approximating variable temperature conditions 
were secured by moving insects from one constant temperature 
chamber to another at intervals of six or twelve hours. Less fre- 
quent changes did not, apparently, furnish conditions comparable 
to outdoor condition.* 

Outdoor conditions were maintained in a screened breeding 
cage kept in a shaded situation and having the temperature re- 
corded by a thermograph. 


EXPERIMENTAL DATA 


Constant Temperatures 


In the experiments with constant temperatures, insects were 
maintained at different constant temperatures, each lot being kept 
,at one temperature throughout its period of development. ‘T’em- 
peratures ranging from 5°C. to 35°C. at five degree intervals, with 
a few lots at 6.5°, 8°, 12°, and 40° are reported. Many low tem- 
perature lots from temperatures which later were found to be below 
the threshold of development have been omitted from the sum- 
maries because they showed no evidence of development. The 
same is true for high temperatures. Evidence of considerable de- 
velopment at 40° or higher temperatures was rare and no mention 
is made of the many lots incubated at such points. 

Data are available usually for the establishment of six or more. 
points upon a developmental curve. A considerable number of 
intermediate points have been established by observations of insects 
in much smaller numbers than are represented by most of the lots 
reported. These have been omitted because the numbers are not 


*A special thermostat so constructed as to provide temperatures varying in any 
desired manner during the day was devised but some difficulties in cooling the incubator 
were encountered; later these were overcome but no insects reared in this incubator are 
here recorded. 
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comparable to the others and because they do not add anything of 
importance to the report. 

The results reported, based upon work with the four species 
of flies, may be considered as the most significant part of the evi- 
dence because of the number of insects involved and because the 
possibility of variation in factors other than temperature was less 
with the fly material. 


The results are presented in tabular form on the following 
pages. The presentation, in connection with the tables, of “Thermal 
Constants” and of temperature, or effective temperature, summa- 
tions based upon the interpretation of the velocity curve as a 
straight line should not be taken to imply a fixed preformed con- 
viction that this was the correct interpretation. It has merely 
been found convenient, in the tables and in the graphs, to show the 
relation of the experimentally established points to the straight line 
and the relation of the termal increments to a constant. What the 
significance of these relations may be will be brought out in the 
discussion of the data. 


The possibility that the time of first emergence of individuals 
at different temperatures may be a more exact index of the effect 
of temperature than the mean emergence time has led to the inclu- 
sion of summaries based on first emergence along with those based 
upon mean emergence. This first emergence data represents the 
average time of first emergence, usually from many separate lots 
of individuals subjected to the same treatment, rather than the 
absolute minimum emergence time. 


In the tabular summaries are given the temperatures; the 
developmental time in days; the accumulated temperatures based 
upon the summation of daily temperatures above the zero point 
indicated by the velocity curve, accumulated temperatures and 
thermal constants being expressed throughout this work in day- 
degrees; the standard deviation (also in day-degrees) for the de- 
velopmental time factor based upon all individuals emerging; the 
standard deviation for the accumulated temperature based upon 
the averages for the several separate lots comprised in each sum- 
mary; standard deviations for time and for the thermal increment 
based upon first emergences calculated in the same manner as 
those for the mean emergences; and the index of development based 
on mean emergence as well as that based upon the first emergence. 
Thermal constants based upon the mean emergence velocity curve 
and upon the first emergence velocity curve are also given. 
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TABLE 1.—Lucilia caesar, larvae. Constant temperatures (See Fig. 1). 


Bee | Leneth SieSisce in ae 
PNow ofl t. Days Acc. Effect. Temp. Index of Dev. 
i. Devel- “ 52 
Insects ai 
| oped | Ave. Min. | Mean | S. D. | Mean | S. D. | Min. |S. D. | Mean | Min. 
352 14,654] 46 57D Bree 21) 109° (5) SSE es BME ON PAA) | PCY.) 
30 15,100} 71 4.2 4.4 23/108 Smo O20 1 2a, ood Lae 2348 
25 14,120] 79 pez Drs 27\103 Dek OS 2: ZnO) 18 6 19.0 
20 17,340] 89 7.0 TA 18) 107 2.6) 1001 Bul 13 6 14.3 
15 11,600} 84 ie 12.0 .29|114 4.7 |103 2 We) 8.4 970 
10 12,300} 54 24.9 26.5 Wee ESAS 5.4 |107 1 yo) m9) 40 
8 4,300) 36 47.4 49.5 340 1123 7.6 {109.0 4.2 74 Ai) Zan 
6.5 2,000 ees Ss 136. Dick 36. 220810 1.9 73 74 
5 5,400 0 


Thermal constant of curve: Mean, 110.7°, S. D., 3.9°; Ave. Min., 103.0°, 
SDs 2:65. Zero of curve: Mean, 5.5°> Ave. Min., 5.7°. 


Tes a Tae a CD a ee 


pape 


Fig. 1.—Velocity of development of Lucilia caesar larvae. A.—Based upon the mean time 
of emergence. B.—Based upon the average time of first emergence for the different 
lets. (See Table |.) 
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TABLE 2.—Lucilia caesar, pupae. Constant temperatures (See Fig. 2). 


No. of Pere’t, | Length ee m Acc. Effect. Temp. Index of Dev. 
T. Devel- 

Insects i 

oped |Ave. Min. |Mean |S. D. | Mean |S. D. | Min. |S. D. | Mean | Min. 

B52 12,400| 57 329 4.2 TSM NVAUS BBN ONOS | 3 262924082556 
30 14,200] 65 4.6 ee | 34/119 8.0 |106.0 Dee EDS Zed) 
25 9,800] 81 Sy, 6.5 .46}120 yes WEI 7/ ZO eiSie5 1755 
20 13,900] 89 7.8 9.2 .86)125 I re6 1/1030 3) HONS am 26 
15 9,200] 83 12.3 14.5 1. 63/123 13.8 |100.9 3.0 6.8 8.1 
10 8,000] 67 34.0 | 38.0 3.34)133 12.0 |108.8 4.4 2.6 229 
8 1,600} 7 94.8 |100.0 | 14.70/150 ZLAOMM SiS 5} 2 HERO Lal 
5 4,000 0 


Thermal constant of curve: Mean, 122.8°, S. D., 9.2°; Ave. Min., 104.8°, 
S. D., 3.6°. Zero of curve: Mean, 6.5°; Ave. Min., 6.8°. 


Fig. 2.—Velocity of development of Lucilia caesar pupae. A.—Based upon the time of 


emergence. B.—Based upon the average time of first i 
Pisce Treble g emergence for the different 
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TABLE 3.—Calliphora vomitoria, larvae. Constant temperatures (See Fig. 3). 


2a a ae 

No. of Pere’t. |: -c?s Deck aS te Acc. Effect. Temp. Index of Dev. 
ahs Devel- : = 

Insects A ‘ 

oped | Ave. Min. | Mean | S. D. | Mean | S. D. | Min. | S. D. | Mean | Min. 

35° 9,800] 39 ee eee Hal CEG) | CER) Pea See 
30 8,400] 64 cH: 4.4 31/105 .6 bey 94.4 250, PEAVY) |) BOAO 
25 14,000; 83 4.8 5 4 ag .29|104.5 47 S2e GI ee 20 fishies) 20.6 
20 14,700] 92 6.6 ries | 33) 1102.2 Ey) Ne ete 1 8 Lid ard, Wat 
15 11,400] 82 10.5 | ea 98'105.0 4.9 96.6 Bind 8.1 o> 
10 10,900; 59 232 OF 2703 2.00\109.2 46 | 96.6 4.1 Siew 4.3 
8 2,350} a3 446) 5620}, 5.800112. 0 (ya 98.1 3x8) 1.8 eee, 


es Be a | | | | | 


Thermal constant of curve: Mean, 104.7°, S. D., 6.9°; Ave. Min., 94.5°, 
S. D., 3.1°. Zero of curve: Mean, 6°; Ave. Min., 5.8°. 


Fig. 3.—Velocity of development of Calliphora vomitoria larvae. A.—Based upon the mean 
time of emergence. B.—Based upon the average time of first emergence for the 


different lots. (See Table 3.) 
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TABLE 4.—Calliphora vomitoria, pupae. Constant temperatures (See Fig. 4). 


NOnee Perc’t. | Length ae ccae a Acc. Effect. Temp. Index of Dev. 
1 ‘ Devel- g 
Insects | 
oped | Ave. Min.| Mean |S. D. | Mean| Min. | S. D. | S. D. Mean | Min. 
hoya 7,000| 54 4.2 4.6 Oe Ie SEO 7 Vere POU) 3 2 ee Ze S 23.8 
30 9,500| 63 bral 518 .33)133.4 5S aos 4.2 ee, 19.6 
25 9,950| 82 6,5 720 SOUTZ6.0 225 Mi ee0 0) 14.3 aes) 
20 11,650! 92 829 9.4 ELON ZAAO 7 te ise: 353 10.6 4 
15 10,100) 87 15 169) e493 5.2 B23 LTS 25 AR? Cy) 6.7 
10 10,500] 43 44.3 46.7 4.5 |140.1 12.6 |119.6 aonl 2.1 22 
8 3,000] 1 516i 2 = S157 23 4 1109.3 al AE 63 
5 4,300) 0 | 


Thermal constant of curve: Mean, 130.1°, S. D., 5.7°; Ave. Min., 114.8, 
S. D., 2.3°. Zero of curve: Mean, 7°; Ave. Min., 7.3°. 


Ex eae 
TS oe eee 
Hee eS a 
RRR 4ene eT. |. 
Pe ae eee 
BEZe nee ee || 
Eh. 4 Se ae ee 


Fig. 4.—Velocity of development of Calliphora vomitoria pupea. A.—Based upon the mean 


time of emergence. B.—Based upon the average ti fi 
piney Ob cmenaen ee ay p g ime of first emergence for the 
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TABLE 5.—Musca domestica, larvae. Constant temperatures (See Fig. 5). 


» |Length of Stage i 
Nowot Pere’t. | “ent Dats cb gar Acc. Effect. Temp. Index of Dev. 
te Devel- - 
Insects ; 
oped | Ave. Min. | Mean | S. D. | Mean | S. D. Min. S. D. | Mean | Min. 
35° 2,550| 75 4.4 An Sula T nz 5 EON 5) CO} Peet (ey) 
30 | 2,000] 86 5.3 5.6 | .36|133 Be) NPG | POW ew | eS 
25 2,024] 94 6.8 fare weATNS AMOMITZ5 a6 30! lsu oul 14 a7 
20 2,500] 97 9.0 9.6 39/130 5.3 1121.5 Bos | VO Ze | Ht 
15 2,412| 78 1454) 1552, 921129 6 9 |122.4 36) Gop Cw 
10 2,016] 72 33.1 | 34.0 4.7 |119 1G He WS GH G24) Bo | Bo 
8 500) 6 90.1 | 90.3 9 1136 1.6 |135.1 ai lent 1.1 
5 2,300] 0 | 


Thermal constant of curve: Mean, 129.9°, S. D., 6.9°; Ave. Min., 124.3°, 
S. D., 3.8°. Zero of curve: Mean, 6.5°; Ave. Min., 6.5°. 


eal 
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Fig. 5.—Velocity of development of Musca domestica larvae. A.—Based upon the mean 
time of development. B.—Based upon the average time of first emergence for the 
different lots. (See Table 5.) 
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TABLE 6—Musca domestica, pupae. Constant temperatures (See Fig. 6). 


No. of Pere’ts| Ten sth Sie ane ™ Acc. Effect. Temp. Index of Dev. 
De a Devel- 

Insects! : 

oped | Ave. Min. |Mean | S. D. | Mean | S. D.°| Min. | S. D. | Mean | Min. 

35i° 1,470| 65 See 40 SHAS ZaNe: MO Wiaz SS 25 R0n 264s 
30 2,900] 88 4.6 49 .26)113 [| Rea WO. 2/ 4 20.4 ZY 
25 2,644) 87 516 5.9 44/106 | BS NOS 2.9 17.0 W729 
20 3,025| 96 TES Bia25) 80/107 7.4 |103.0 3 6 Zeal 12 8 
15 2,650) 83 [)35, 24 15 4 e223 13.0 {108 2 5.0 6.5 76 
10 OOOH 7A Sy Et tee | 4.2 |107 12:35" |L0350 Si 29 By. |! 
8 600; 20 D2 ROM 2 7a 0) Li Ars LT ORS: eae 8 1.08 
5 1,140] 0 | 


Thermal constant of curve: Mean, 112.7°, S. D., 7.1°; Ave. Min., 105.3°, 
S. D., 3.3°. Zero of curve: Mean, 7°; Ave. Min., 6.8°. 


Fig. 6.—Velocity of development of Musca domestica pupae. A.—Based upon the mean 


time of emergence. B.—Based u i 
; * 6 pon the average time of first e 
different lots. (See Table 6.) Sareea Fi 
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TABLE 7.—Sarcophaga carnaria (?) larvae; constant temperatures (See Fig. 7). 


+ No. of ptyte eau Sli on Acc. Effect. Temp. Index of Dev. 
Insects 

oped | Ave Min | Mean |S. D. | Mean |S. D. | Min. |S. D. | Mean | Min 
40° 200| 23 Za9 3.0 AU All one ly ager pede ADS reel oS 4) 340) |) Bet) 
35 750| 68 3.45 3:6 18 99.0 etal (MEO A ee Oba le cu.Rtes oe 767 YW PAE) 
30 900| 74 4.2 4.3 | SOGH 925 Oe ||| 947d) [Pee cree ARsS oe) || PBS) 
25 840) 80 BIAS Le ag .05| 96.0 oil UX Tee el | Pearen 18.0 18.5 
20 1,100) 74 Ye) 8.0 | .36|100.0 LWeceksi || seats) SGWA| WAS Bes 
15 980) 68 |W og Deo e ACS Os a0n 2-66-9325 82 7.0 Bez 
12 360] 35 ZO Sa) 227.0 | 961.9920 Uses 94.5 m5) a4 4.9 
10 890] 29 40.0 | 44.0 ZERO. 1S 20 100.0 a2 Des 2 
5 400| 0 


Thermal constant of curve: Mean, 99.7°, S. D., 1.3°; Ave. Min., 94.3°, 
S. D., .21°. Zero of curve: Mean, 7°; Ave. Min., 7.5°. 


i eee i larvae. A.—Based upon the 
ig. 7.—Velocity of development of Sarcophaga carnaria (2) 1 d 
aio mean mee of pupation. B.—Based upon the average time of first pupation for the 
different lots. (See Table 7.) 
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TABLE 8.—Sarcophaga carnaria (?), pupae. Constant temperatures (See Fig. 8). 


No. of Pere:t, | Length ee ie Acc. Effect. Temp. Index of Dev. 
4, Devel- 

Insects 

oped | Ave. Min. | Mean |S. D. | Mean | S. D. | Min. | S. D. | Mean | Min. 
40° 300| 29 Hey fs) CTR SPAN AS 359 BON Pi ediele2 Oi 4 XS. 7/ 
35 500} 71 4.1 4.5 2. (128 56 a8 Deed 22.0 24.4 
30 560| 81 Eye | 58, 27\134 C2: Ziad 17.8 19.6 
25 500| 86 6.3 6.5: 191120 Be BE Be 15.4 ee) 
20 570| 87 8.4 9.0 34/121 Pe We 7 uch 11.0 Ue 
15 525 71 14.6 16.2 88}138 9.2. | 1167.8. (bee) 6.1 6.85 
10 456| 37 42.0 48.0 2 86/162 1323 GhEZonO ea 2 2.4 
5 | 250 0 | 
Thermal constant of curve: Mean, 129.25°, S. D., 6.7°; Ave. Min., AS ce 


S. D., 1.8°. Zero of curve: Mean 6°; Ave. Min., 7 


Fig. 8.—Velocity of development of Sarcophaga carnaria es pupae. A.—Based upon the 


time of emergence. B.—Based u 
: pon the average time of first 
different lots. (See Table 8) = ete cteae 
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TABLE 9.—Chloridea obsoleta, larvae. Constant temperatures (See Fig. 9). 


No. of Pere't Feneth bee Acc. Effect. Temp. Index of Dev. 
ot 0 | Devel- 

Insects 5 

oped | Ave. Min. | Mean | S. D. | Mean | S. D. | Min. |S. D. | Mean | Min. 

35° 100] 14 TaGY ea) \240° (234° (ae ee 
30 200} 32 9.0 9.6 | |240 225 10.4 Lt 
2 a 36 11.4 12.2%) 245 228 8 1 8.8 
20 200! 40 14.2 | ihe 4 |229 | 211 645 7 ARAL 
15 200 46 Zi. OST 2225 224 211 4.4 4 7 
10 200| 25 48.0 23.0 265 240 203 2.4 
5 100| 0 


Thermal constant of curve: Mean, about 240°; Ave. Min., about 220°. Zero 
of both curves is 5° but this is doubtless too low. 
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Fig. 9.—Velocity of development of Chloridea obsoleta larvae. A.—Based upon the mean 
time of pupation. B.—Based upon the average time of first pupation for the differ- 


ent lots. (See Table 9.) 
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TABLE 10.—Chloridea obsoleta, pupae. Constant temperatures (See Fig. 10). 


Natok Perc’t. ents Eanes oo Acc. Effect. Temp. Index of Dev. 
a1 Devel- 
Insects ' 
oped | Ave. Min. | Mean |S. D. | Mean | S. D. | Min. | S. D. | Mean | Min. 
i ET 350 9 12.0 1225 "881337 5° 23667330005 S50) ieuSn3: 
30 350| 49 13.4 13.8 .72|301.4 227 S0iltes 6240 ee: He 3) 
2525) 350| 56 W526 16.8 49|294.0 8.5 |288.0 6.6 6.0 6.4 
20 400| 62 220 23:25 ee 281 20 693'4)2:75.50 3: 0 4.3 4.5 
1535 350| 55 B25 39.0 Bee 9 20 Zion ZoOx0 5.8 pa} cea | 
11 350| 26 90.0 98.0 223000 6xOm S150 20 1.0 Lal 


ihennallconstantloteurvemlvicant3 00> 89o5)Dmlbs40-uAvedsVitnsm2 Oia 
S. D., 3.8°. Zero of curve: Mean, 8°; Ave. Min., 7.5°. 


BEE: ee 
mals Leber Tale 


Fig. Hav elect, of development of Chloridea obsoleta pupae. A.—Based upon the mean 
time of emergence. B.—Based upon the average time of first em n 
different lots. (See Table 10.) hahaa Ses 
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TABLE 11.—Pontia rapae, larvae. Constant temperatures (See Fig. 11). 


No. of Perc’t. | Length id neers Acc. Effect. Temp. Index of Dev. 
1s Devel- ys 

Insects F 

oped | ve Min. | Mean |S. D. | Mean |S. D. | Min. | S. D. | Mean | Min. 

Be 150|Larvae all died from fungus disease. | 
30 200] 60 8 0 8 25 .621206° 1542 200i 230 i220 WA. 
25 200] 69 11 0 12 75 .68)242 12 8 |209 3.4 28 9.1 
20 200} 80 14 5 15S .75(217 10 4 |203 1.8 64 6.9 
15 200] 58 23:70 25 20 .98(225 11 8 {207 an 4.0 4.3 
10 200) 46 5120). 55 40 2 .73|220 17.3 |204 1.4 1.9 Hey 
8 100 Larvae all died before pupating. 
5 100] Larvae did not grow. All died before feeding. [ 


Thermal constant of curve: Mean, 217°, S. D., 11°; Ave. Min., 205.6°, 
S. D., 2.3°. Zero of curve: Mean, 6°; Ave. Min., 6° 
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Fig. 11.—Velocity of development of Pontia rapae larvae. A.—Based “upon the mean time 
of pupation. B.—Based upon the average time of first pupation for the different 


lots. (See Table 11). 
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TABLE 12.—Pontia rapae, pupae. Constant temperatures (See Fig. 12). 


No. of| Pere't- eee oes ae Acc. Effect. Temp. Index of Dev. 
Rs Insects Devel- 
oped | Ave. Min. | Mean |S. D. | Mean |S. D. | Min. | S. D. | Mean | Min. 
Ble 100| 43 5a) 535) WF \MAWeS 5 .5°|140.0° 2 lei eO 20.0 
30 100} 50 59) 69 61/159 14.0 |135.7 Bin 14.5 16.9 
25 100] 64 7.6 8.5 57\153 10.2 |130.0 0 Ut vs 12:25 
20 150) 80 10.0 ih, 54/150 Fh NIESOAC 42 8.7 10.0 
15 150| 74 17.4 18 0 82/144 6.6 139.2 4 ba) Ep, 7/5) 
10 100| 39 48.0 | 49.0 98/147 9.0 1144.0 0 20 Zat 
5 75 0 | | 


Thermal constant of curve: Mean, 150.1°, S. D., 8.2°; Ave. Min., 136.4°, 
S. D., 4.2°. Zero of curve: Mean, 7°; Ave. Min., 7.5°. 


Fig. 12.—Velocity of development of Pontia rapae pupae. A.—Based upon the mean time of 


emergence. B.—Based upon the average time of first emergence for the different 
lots. (See Table 12). 
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TABLE 13.—Malacosoma americana, pupae. Constant temperatures (See Fig. 13) 


» | L th of St i 

No. of etter ia Daya i Acc. Effect. Temp. Index of Dev; 
‘ns Devel- 

Insects a ; 

oped | Ave. Min. | Mean | S. D. | Mean | s. D. | Min. |S. D. | Mean | Min. 

3'5)c 50| 58 Bis5. 9.5 AE AE FAC Jak Eta a PAE ery 0° | 105 Wit 77 
30 100) 42 10.5 Diese DZS FeO 4.8: 236.3 0 8 8 OS 
25 100| 64 14.0 15.1 .62|248 .0 10.2 |245.0 0 6r-5 if | 
20 100| 70 LSc8alP 2225 .81/247.0 8.9 |235.0 1.6 4.4 One 
15 100| 33 340515470 3163/2820) | 2127 (2551.0. 0 Pe) 2.9 
10 50 No emergence. 


Thermal constant of curve: Mean, 247°, S. D., 11.2°; Ave. Min., 239°, 
S. D., 7.4°. Zero of curve: Mean, 9°; Ave. Min., 7.5°. 


U U 

. ° 
= = 
(eo) Oo 


fe 


ees 
ee] ee 


Fig. 13.—Velocity of development of Malacosoma americana pupae. A.—Based upon the 
mean time of emergence. B.—Based upon the average time of first emergence for 
the different lots. (See Table 13). 
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TABLE 14.—Carpocapsa pomonella; pupae. Constant temperatures (See Fig. 14) 


Length of Stage in 


No. of oper Days Acc. Effect. Temp. Index of Dev. 
sls ‘ Perc’t. 
Insects 
Devel- |,,. Min, | Mean | S. D. | Mean |S. D. | Min. | S. D. Mean | Min. 
35ie Hy ae, 6.0 Gn 25 .541162.5°| 14.0°/159.0° 16 0 | 16 7 
30 90| 75 7.0 1.25 Sei NNeV2e7/ 825. 150125 1232) 1S 28n elas 
2) 90| 82 8.4 8.8 .44/140.8 FAO ih 6.29 Za ee I 
20 100} 78 WF Wi 1b) 283 .79|146.0 8.6 |140 3 3 0 725 82 
15 100] 70 P24 AD |) PXOEO eA Ee Milos |e) 0) 42 38 45 
12 50| 36 44.0 | 51.0 PA GNM SIN) 6.6 {154.0 0 20 2a 


Thermal constant of curve: Mean, 150°, S. D., 8.9°; Ave. Min., 145.6°, 
S. D., 7.8°. Zero of curve: Mean, 9°; Ave. Min., 8.5°. 
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Fig. 14.—Velocity of dactisaent of Carpocapsa pomonella pupae. A.—Based upon the 
mean time of emergence. B.—Based upon the average time of first emergence for 
the different lots. (See Table 14). 
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TABLE 15.—Leptinotarsa 10-lineata; eggs. Constant temperatures (See Fig. 15). 


Perc’t, | Length of Stage in 


, Nowot ee Days Acc. Effect. Temp. Index of Dev. 
Insects | 

oped | Ave. Min. | Mean |S. D. | Mean |S. D. | Min. |S. D. | Mean | Min. 
322° 200] 74 3 8 3/50 SOS STS GS 28 lease BIO) B30) 
25 300] 68 40 4.51 SATS) 23 76.0 24.0 | 25.0 
20 240} 82 5 4 59 .29| 82.6 4.9 | 75.4 AD NO 18.5 
15 240) 48 8 5 8 9 ZO Ss Om Sy 2) HKG) KS Wh His 
10 180] 25 20,05 2130 69) 84.0 2.8 | 80.0 .69| 4.8 a () 
5 200 None hatched. | 


Thermal constant of curve: Mean, 79°, S. D., 2.9°; Ave. Min., 76.8°, S. D., 
.29°. Zero of curve: Mean, 6°; Ave. Min., 6°. 


100 
VA Time 


i i -li A.—Based upon the 
i -—Velocit f development of Leptinotarsa 10 lineata eggs. i 
eee pee ey hatching. B.—Based upon the average time of first hatching for the 
different lots. (See Table 15.) 
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TABLE 16.—Leptinotarsa 10-lineata, larvae. Constant temperatures (See Fig. 16) 


INowor Pergtn| oenais Se Ea Acc. Effect. Temp. Index of Dev. 
ie I i Devel- 

nsects oped | Ave. Min. | Mean S. D. | Mean | s. D. | Min. |S. D. | Mean Min. 
35° 200 Only four pupated. 
30 200} 52 Thy We Se 6) SO (23772 ZO ZOSISSAE2 aS US) 128) 
25 250! 60 10.0 | 1), 745) 73|235 V4S6R T9220 eae coer B25 10.0 
20 250! 71 [33 15.0 56/225 9.9 |188.9 .6 (S57 ey 
15 240| 67 20.0 207525 .96}202 18.2 {184.0 ad) 4.8 50) 
10 ‘| 250] 38 | 45.5 46.5 2.8 [232 1359 Oe | Js, 34 222 

Thermal constant of curve: Mean, 230°, S. D., 12.6°; Ave. Min., 189.6°, 
S. D., 8°. Zero of curve: Mean, 5°; Ave. Min., 5.8°. 
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Fig. 16.—Velocity of development of Leptinotarsa 10-lineate larvae. 


mean time of pupation. 


different lots. 


(See Table 16.) 


tel ed 
a5 C9) 
DIO 


A.—Based upon the 
B.—Based upon the average time of first pupation for the 
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TABLE 17.—Leptinotarsa 10-lineata, pupae. Constant temperatures (See Fig. 17) 


No. of Perc’t. | Length eee oe Acc. Effect. Temp. Index of Dev. 
AR Devel- 
Insects d 
| OPS Ave. Min. | Mean | S. D. | Mean | 5. D: | Min. | S. D. | Mean | Min. 
cyte 75| 14 4.5 4.5 2372 [aie AS 220Ne2220 
30 100] 47 45 4.8 .22/108.0 4.9°/101.2 Mio xh |) PAD 
25 100] 61 Deo 6.25 .13/109.4 2296.2 LOMO Sat 
20 100} 70 8 0 8.6 .24/107.5 3.0 |100.0 OM 2a: 
15 951 76 hese 14.0 .42/105.0 SPAM KON 4 rf i 74 
10 100| 40 46.0 | 50.0 223:7)\125.0 620) 01550 20) ere, 


Thermal constant of curve: Mean, 109.9°, S. D., 3.6°; Ave. Min., 102.6°, 
S. D., 1.4°. Zero of curve: Mean, 7.5°; Min. Ave., 7.5°. 
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Fig. 17.—Velocity of development of Leptinotarsa 10-lineate pupae. A.—Based upon the 
mean time of emergence. B.—Based upon the average time of first emergence for 
the different lots. (See Table 17.) 
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THE THRESHOLD OF DEVELOPMENT 


If it is true that there is, at temperatures sufficiently low, a 
definite cessation of development there must be some point at which 
the developmental processes no longer operate or at which develop- 
ment, arrested by low temperatures, again begins to manifest itself 
when temperatures are gradually raised. 

The determination of the location of this point, or threshold 
of development, has been the object of a supplementary series of 
experiments. It was found that development did not occur, or did 
not continue to completion, at temperatures, in the constant tem- 
perature series, which approached to within one to five degrees 
of the zero point of the velocity curves. Observations of larvae 
showed that they would usually feed and grow to some extent, for 
a few days, at temperatures often within one degree of the zero of 
the velocity curve. 

No perceptible growth of newly hatched larvae and no feeding 
of such larvae could ever be detected at this zero point although 
well grown larvae, transferred from higher temperatures, appar- 
ently fed to a slight extent but accomplished no preceptible growth. 
Young larvae, at the zero point, usually died within a few hours; 
older larvae lived for a more or less indefinite period, possibly as 
long as a month, but no perceptible growth ever occurred. 


At one or two degrees above this zero point larvae, ready to 
pupate, transferred from warm incubators, would sometimes pu- 
pate. Larvae, therefore, showed some developmental activity at 
temperatures close to the zero of the velocity curve. The lack of 
evidence of development at that point was taken to indicate that 
it could not be much above the actual threshold while evidence of 
some development almost at the zero indicated that it was not below 
the threshold. Since developmental processes were never com- 
pleted at these temperatures, the time factor could not be measured 
to determine whether it would coincide with the point indicated by 
the velocity curve. 

Development of pupae, when incomplete, is not evidenced by 
any external change. Internal changes are of such a nature in the 
early period of pupal development as to afford little evidence of 
slight development. Experiments designed to determine possible 
development of pupae at temperatures down to the zero of the 
velocity curves were arranged, based upon the assumption that 
some development might be possible at low temperatures even 
though complete transformation was not. These experiments con- 
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sisted of placing different lots of pupae in low temperature incu- 
bators for periods and transferring them to warmer temperatures 
to complete their development. 

It was thought that if measurable development had taken place 
at the low temperature it should have manifested itself in the re- 
duction of the time necessary to complete the transformation at 
the higher temperature. In these tests a factor which apparently 
affects some of the results in the constant temperature series is 
again of importance. This is an apparent loss of vitality incident 
to the prolonged vital period, possibly connected with the expendi- 
ture of energy represented by the basal metabolism indicated in 
the carbon dioxide tests, and a change in the physical condition of 
the pupal covering which seems to be in the nature of a ripening 
which possibly renders escape from the puparium, by the fully 
developed fiy, more than normally difficult. These possible factors 
are discussed in connection with the constant temperature series 
on pages 13 and 14. 

TABLE 18.—Development of pupae of L. caesar kept first in cold temperature 


incubators at near the zero of the curve of velocity of development (6° to 
6.5°) and removed, after varying periods, to incubator at 20°. 


No. of | Days at | Acc. Days at 20° AceuTemp. Total Excess Over 
Insects 6-6.5° Temp. | (Minimum) Acc. Temp. 122.89 
200 502 0° 9 4 7? (|7f? 4022 
100 60 0 $) 3) 126 126 Be 
200 90 0 9 4 127 127 4.2 
200 130 0 9 6 129 6 129 6 6.8 
200 180 0 10 135 135: N22, 
200 235 0 10 5 142 142 19.2 
200 LED 0 10 4 141 141 Ging: 
140 335 0 | 11 148 5 148 5 PSY 7 
200 366 0 Ties 155 155 B2e2 
200 418 0 12 162 162 39Z 
200 480 0 12-5 108.7 168.7 45.9 
200 540 0 Lz 162 162 39E2 
300 611 0 15 202 5 20265 79.2 
300 654 0 13 175 1755 Wael 
284 691 0 14 189 189 66.2 
Thermal constant for the insect as indicated by the velocity curve—122.8°, 


S. D. 9.2°, based on mean emergence. 


Emergence varied from less than 1 to 31 per cent in all lots 
in the cold conditions longer than 90 days. Two individuals emerged 
from the last lot. All were deformed in some manner and were 
unable to fly. 

A second similar series with the blowfly gave results as shown 
in Table 19. Accidental warming of the cold storage chamber spoiled 
this material so the test was abandoned. 

Tables 18 and 19 indicate that there is no development accom- 
plished at the temperatures equivalent to those indicated as zero 
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TABLE 19.—Pupae of blowfly in incubator at the zero indicated by the velocity 
curve, 6.5° to 7°; transferred to the 20° incubator. 


No. of Days at Days at 20° Effect. Temp. | Excess Over 
Insects | 6, 5-7° | (Minimum) | Accumulated 130.1° 
100 30 ORS steer? hate 
200 90 12 156. | 25.9 
200 | 180 | 12.6 | 164. 33.9 


Thermal constant indicated by the velocity curve 130.1°, S. D., Ba diee 


TABLE 20.—Development of pupae of the blowfly incubated first at 8° then 


at 20°. 
No. of Days at Acc. Effect.| Days at | Acc. Effect.| Total Effect. Apparent 
Effective 
Pupae 8° Temp. at 8° 20° Temp. at 20° Temp. Temp. at 8° 
200 42 42° I 93 .6° 135.62 3.67, 5c 
200 60 60 Beats} 75.4 135.4 54.7 
200 70 70 Bend 67.6 13:7 .6 62.5 
200 80 80 Sano 68.9 148 9 6122 
200 90 90 5.0) 65.0 145.0 65 0 
200 120 120 6.0 78.0 198.0 52 0 
200 150 150 LAS 101.4 Doles 59 7 


Zero of velocity curve, 7°; Thermal constant indicated by curve, 130.1°, 


Sb ID D7 


TABLE 21.—Development of pupae of Lucilia caesar kept first at 7° and later 
transferred to 20° incubator. 


No. of Daysat | Acc. Effect.| Days at | Acc. Effect.| Total Effect.| Apparent 
Pupae 7° Temp. at 7° 20? Temp. at 20° Temp. Tone 
500 15 Pe (et 72 NOG. 7.2 Uit4e2° 18'..6° 
500 30 (520) 8.4 109.4 124 4 13.4 
500 60 30.0 728 WON |e Bes BASS 
500 90 45.0 9.0 (Al ee 166.5 hes 
500 120 60.0 Bg 113.0 0 9.8 


Zero of velocity curve 6.5°; Thermal constant indicated by curve 122.8°, 


Sh IDSs Ch? 


TABLE 22.—Development of tent-caterpillar pupae incubated first at 10° then 
transferred to 20° incubator. 


No. of Days at | Acc. Effect. Days at Acc. Effect.| Total Effect.| Apparent 
Pupae 10° Temp. at 10° 20° Temp. at 20° Temp. Foc anine 
20 30 30° 21 Zaile Zoe 16° 
20 45 45 21 231 276 16 
20 75 75 20 220 295 25 
20 120 120 22 242 362 5 


Zero of velocity curve 9°; Thermal constant indicated by the curve 247°, 


Sb Des Wiles 
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TABLE 23.—Development of pupae of the blowfly incubated first at 20° and 
then transferred to incubator at 8°. 


No. of Days at Acc. Effect.| Days at | Acc. Effect.) Total Effect.) Apparent 
Pupae 20° Temp. at 20° 8° | Temp. at 8° Temp. Toney ae 
100 8 104° 23 23° 127° 26.1° 
100 7 91 46 46 137 Boral 
100 6 78 No emergence after 90 days when observations were 
discontinued. 


Zero indicated by velocity curve 7°; Thermal constant 130.1 Sars |Dha Boh. 


points by the curves of velocity of development, or that any devel- 
opment which may take place is not sufficient to overcome the effect 
of the retardation incident to the undue prolongation of the develop- 
mental stage. 

It is, of course, possible that slight development may have 
taken place at these or even at lower temperatures, but escaped 
observation. 

Tables 20 to 23, inclusive, show, on the other hand, that there 
is perceptible development at temperatures from one-half degree 
to one degree above the zero indicated by the velocity curve. In 
one or two cases this development is slightly greater than was to 
have been expected if the zero of the curve represents the true 
threshold of development. (See Lot 1, Table 21, and Lot 1, Table 
23). Usually the influence of the low temperature exposures is 
rather less than their time would indicate. Generally, when the 
time was not prolonged to more than about 60 days, the departure 
from the thermal constant was but little, if any, greater than the 
deviation from the constant temperature data. 


Variable Temperatures 


To determine any possible effect arising from the mere fact 
of variation in temperatures, and to determine also whether tem- 
perature summations based on ordinary outdoor conditions are 
comparable to those based on constant temperatures, two series of 
experiments were conducted. The one was merely the recording of 
the time of development of insects under outdoor conditions, the 
temperature being measured with a thermograph and the thermal 
increment, calculated from the zero of the constant temperature 
velocity curves, compared with that derived from equivalent con- 
stant temperature conditions. The second series consisted of a 
shifting of material from one constant temperature incubator to 
others, so as to get an effect comparable to a daily variation 
which might occur outside and a comparison of the data secured 
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from this, with the outdoor series and with constant temperature 
series. This should show whether any variation noted in the be- 
havior of the insects reared outdoors is due to the variation in 
temperature or to some unrecognized factor. 

TABLE 24.—Development of insects under outdoor conditions. Accumulated 


temperatures above zero of the velocity curves measured from thermograph 


charts with a planimeter. 


: Accumu- (Calculated Time[Variation from 

Insect Stage |Zero of | Therm. Mean Time lated at Constant | Therm. Const. 

Curves Const. | Temp. Days Temp. | Temp. (Days) "plus | Minus = 

L. caesar pupae | 6 5° WAI? | ihe 8.2 [WAVES 8.35 ae 

L. caesar larvae| 5 5 WO. Zr) 6.4 98.6 a7? 22a 
C. vomitoria| pupae | 7.0 130.1 1) \ 72 8.4 120.3 B78 9.8 
C. vomitoria| larvae| 6.0 104.7 ZON5 6.6 94.7 G2 10.0 
L. 10-lineata | egg 6.0 70 0 20.4 Sell 73.4 525 5.6 


TABLE 25.—Development of blowfly at different constant temperatures. Tem- 
perature constant at one point for one or more days then changed to a dif- 
ferent constant for the remainder of the period of development. 


a“ Time at Time at | Variation from Constant 

First race Te Second Ss Accum. 
. econd T. 5 

Temp. (Days) Temp. (Days) Temp. | Plus | Minus 

BO 2 low 14.8 KOmez 2 Aa 

20 2 10 18.25 101.0 Ew he 

10 2 30 4.3 Li? 4 655 

10 2 20 G7 101.8 7AM 

35 1 15 8.3 1OSiees, is) 
40 1 15 Zl 97.9 6.8 

15 7 40 5 114.0 953 


Zero of velocity curve, 6°. Thermal constant of curve, 104.7°. 


Table 24 shows an apparent acceleration of development under 
outdoor conditions over that observed at constant temperature of 
the same value. This acceleration is slight in extent, at its greatest 
being little more than the variation encountered in different lots 
at constant temperatures. The data, however, represent several 
groups of insects, not less than 1,000 individuals in each test, and 
the nature of the variation was consistent, never being in the plus 
direction but always in the minus, not only in the average shown 
in the table but also among the individual lots. It seems safe to 
conclude that there is some acceleration which may be attributed 
to outdoor conditions as compared with incubator conditions. 

Lehenbauer (1914) in his work with maize seedlings found 
that the rate of growth showed a decrease when the temperature 
was kept at a constant value. This is further evidence for the con- 
clusion that constant temperatures may present an abnormal and, 
therefore, detrimental, environment for some organisms. 
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TABLE 26.—Development of blowfly larvae at temperatures changed at six or 
twelve hour intervals; the temperature for each six-hour period being in- 


dicated. 
Temperatures Ti + ate 
Mean ime Acc. Variation from 
1 | 2 3 4 Days Temp. {Thermal Const. 
ANS 2509 20° [3° 20° 6 6 OD RAS —12 3° 
10 20 30 20 20 6.8 95.2 —95 
10 30 30 10 20 720 98 0 —67 
5 25 25 25 20 6.8 UL —95 
15 25 25 15 20 6.9 96.6 — 8.1 
15 25 35 ye) 25 BM 53) 101.6 — 3.1 
20 25 30 25 25 Sy) 104.5 — 2 
Zero of velocity curve, 6°. Thermal constant of curve, 104.7 , S. D5 6:9 


TABLE 27.—Development of blowfly pupae at temperatures changed at six or 
twelve hour intervals; the temperature for each six-hour period being in- 


dicated. 
Temperatures ve Accum, | Variation from 
1 2 3 4 Mean Days Temp. Thermal Const. 
20° 25° 202 [Pik PAVE 9 (ee —13.1° 
10 20 30 20 20 8.9 115-6 —14.5 
10 30 30 10 20 9.2 119.6 —10.5 
15 25 25 15 20 9 117 —13.1 
10 15 40 15 20 9.5 123.5 — 6.6 
15 25 35; 25 20 6.8 122.4 — 77 
20 25 30 25 25 7 126. — 4.1 
10 20 10 20 15 15088 126.4 — 3.7 


Zero of the velocity curve, 7°. Thermal constant of curve, 130.1°, S. D., 
Day par 

Tables 26 and 27 show a similar acceleration when tempera- 
ture variations were provided within the constant temperature 
incubators by moving the insects from one to another. Here again 
the variation is not usually greater than the deviation from the 
constant temperatures but it is without exception a minus varia- 
tion. The significant fact about the variation in these tables is 
similar to that observed under the outdoor conditions; that is, that 
the variation from the calculated thermal constant is always a 
minus variation. 

Table 25 gives the results from a series where the temperature 
was changed only once during the course of development, being 
kept for a period at one constant temperature and after one or 
more days changed to another constant and allowed to remain at 
that point until development was completed. 

The variations from the thermal constant of the velocity curve 
are slight, within the standard deviation and occur in both the plus 
direction and the minus direction. They indicate no stimulating, 
or other, effect produced by a single change of temperature during 
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the developmental period so it seems that variation, to cause 
acceleration, must be daily in its occurrence or at least must occur 
with relative frequency. 

Why a stimulation should occur from variation in temperature 
is not clear. A speculative reason might be that the protoplasm 
of these organisms is adapted to variable conditions and that var- 
iable tempertures constitute a normal environment while constant 
temperatures are abnormal and so retard development. This would 
interpret the difference in rate as a retardation due to constant 
temperatures rather than as an effect of the stimulation from var- 
iation of the temperature. 

It is reasonable to conclude that the acceleration resulting from 
outdoor conditions as compared with constant temperatures within 
the incubators is due to the fact of variation rather than to any 
other change in the conditions and it follows that computations 
from field observations will have to consider a thermal constant 
somewhat lower than one which may be established from constant 
temperatures within the laboratory. The results here presented 
do not show sufficient uniformity to suggest any method for the 
correction of constant-temperature constants so that they may be 
applied to field temperatures. 

The foregoing statements should not be taken to indicate that 
there are no field conditions other than variations in temperature 
which may influence the rate of development. 


Carbon Dioxide Production at Different Temperatures 


The theory of the thermal constant suggests the idea that de- 
velopment may represent a constant quantity of metabolism. If 
this is true, it would be natural to expect that other indices of the 
quantity of metabolism should show some approach to a constant. 
Krogh (1914 and 1916) has reported some work which indicates 
a relatively constant total carbon dioxide production during a given 
developmental period. The work here reported was undertaken 
therefore, to throw additional light upon the problem of the con- 
stant quantitative relations of development. 

CARBON DIOXIDE ESTIMATION 


Special apparatus used in the estimation of the carbon dioxide 
production of insects was simple. At first it was thought necessary 
to make the absorption of the carbon dioxide continuous. It was 
later found that no apparent difference in results was caused if the 
carbon dioxide was removed from the breeding tubes only once 
daily and this practice was adopted. For this work tubes about two 
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inches by six inches were used as containers. These were open at 
both ends and were stoppered with rubber stoppers perforated for 
drainage tubes. The drainage tubes were connected through the 
walls of the incubators with the container for the absorption of 
the gas. Once each day a stream of carbon dioxide-free air was 
passed through the tubes and the carbon dioxide contained in the 
tubes carried with the air through an absorbing solution containing 
sodium hydroxide of standard strength to an indicator solution 
of sodium phosphate and phenol-sulphone-phthalein. The amount 
of carbon dioxide was calculated, at the end of the test, by a com- 
parison of the indicator solution with standard solutions of known 
acidity. These were made by adding known quantities of hydro- 
chloric acid to the standard indicator solution. Color comparison 
was relied upon to determine the degree of change. 

While this method cannot pretend to absolute accuracy it is 
probably as reliable for the small quantities of carbon dioxide in- 
volved as any other available method. It is probable that the errors 
in the different tests were of the same order of magnitude and not 
great enough to invalidate such tentative conclusions as have been 
drawn from this phase of the work. 

Weighed lots each containing 40 grams of pupae of the blow- 
fly, about 500 individuals being included in each lot, were used in 
this study. Those lots of insects kept at the lower temperatures 
failed to complete their development by the end of 62 days and 
so were discarded, examination subsequently showing that they 
were nearly all dead. Table 28 summarizes the results. 


TABLE 28.—Calliphora vomitoria pupae. Zero of velocity curve 7° to 7.3°. 


Tempt. No. of Lots |Total Grams CO, Time in Days Average per Day 
30° 16 2 5946 6 4324 
20 15 PL IKVya72 Df 2785 
10 12 2 8910 49 0590 

8 4 1 3224 62 0213 Discontinued 

7 4 3869 62 0062 Discontinued 

5 2 . 1440 62 0008 Discontinued 


The three lots at the lower temperatures, since they were dis- 
continued before development was complete, and since many pupae 
were dead before the experiments were discontinued show merely 
that metabolism was going on at these temperatures and indicate 
that it was more rapid at 8° than it was at 7° or 5°. Since it was 
not known how many of the pupae were dead in each lot at different 
stages of the experiment, the latter conclusion is not established 
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beyond doubt as it is entirely possible that large numbers of sur- 
vivors at the higher of these temperatures explain the differences 
in quantity. 

The carbon dioxide production at the three higher temper- 
atures is shown to be nearly the same in amount. The percentage 
of emergence was approximately the same in the three lots or 
series. There is shown, in the results, a slightly greater production 
total at low temperatures than at high. This may easily be due to 
experimental error since neither the method nor its application 
pretends to absolute accuracy. There is, however, another explana- 
tion which, while not established, may be suggested. The results 
show that carbon dioxide was produced at temperatures below those 
at which development has been apparent in any of the other ex- 
perimental work. This indicates a certain amount of respiration 
concerned not with development but with the mere maintenance of 
life. This may be ascribed to basal metabolism. It is reasonable 
to assume that this basal metabolism continues within the range 
of developmental temperatures. It is also possible to assume 
that it becomes progressively greater with increased temperatures, 
although there is no evidence offered here which will completely 
support that assumption. 


If we assume the basal metabolism to persist through the range 
of temperatures where development is possible, regardless of 
whether it decreases or increases, we may find a possible explana- 
tion of at least a part of the discrepancy noted in the total carbon 
dioxide production at the different temperatures. The observed 
amounts may represent a constant total developmental metabolism 
plus a more or less constant daily basal metabolism repeated for 
the number of days which were required for development. Assum- 
ing the production at 7°, 0.0062 grams daily, to represent basal 
metabolism for any temperature, we have then to subtract 0.0062 
times 6 days from the 30° total; 0.0062 times 9.7 days from the 20° 
total and 0.0062 times 49 days from the 10° total. If this be done 
we have for the corrected total representing development only; at 
30°, 2.5574 grams; at 20°, 2.6421 grams; and at 10°, 2.5872 grams, 
which brings the value of the totals as near to a constant as could 
be expected from the method used. 


Whether this treatment of the data is justifiable or not must 
be proven by subsequent investigation. In any event the carbon 
dioxide production totals at the three temperatures are decidedly 
of the same order of magnitude and offer no difficulty in the way 
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of the acceptance of the thermal constant as indicating that the 
processes of development represent a definite total of metabolic 
activity which may require a definite amount of heat for its ac- 
complishment. 


Attempts were made, early in the study of the carbon dioxide 
production, to make comparisons on the basis of daily production 
at different temperatures. This was found to be impossible because 
the production, at any one temperature, is not the same day after 
day but varies widely according to the internal condition of the 
pupae. This fact has been well established by other investigators; 
Tangl (1909), Krogh (1914 and 1916), Sosnowski (1902) and 
Weinland (1906) all mention it. It is necessary, therefore, in com- 
parative work, to consider the entire developmental period or to 
compare a day at one temperature with the period of time at a 
second temperature which has been experimentally demonstrated 
to be equivalent to a day at the first temperature, basing compar- 
isons on the amount of development accomplished during the per- 
iod. It is necessary also that the same portions of the develop- 
mental period be compared with each other; that is, it would not be 
correct to compare a period representing the first one-fourth of the 
total period with another representing the second one-fourth. 


While the results from the comparative daily measurements do 
not bear directly on the problem they may be included here since 
they serve to illustrate the point just made. 


TABLE 29.—Carbon dioxide production of pupae of C. vomitoria by days. 
Average in grams CO: for three lots of 40 grams each at each temperature. 


| 


Day | Production at 30° | Preduction at 20° 
Ist 5062 2043 
2nd 4694 2969 
3rd 2045 3756 
4th 1920 .3406 
5th 4642 73.025 
6th 5501 .2962 
7th AAS 
8th . 1440 
9th . 1606 

10th . 1682 

Totals 2 3866 4 2.5216 


The totals given in Table 29 do not represent quite the entire 
production as some of the pupae were discarded after the majority 
had emerged in each of the lots. 
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Moisture 


The estimation of the effects which variations in moisture 
either in the atmosphere or in the soil surrounding the organisms 
or in their food has been no part of the purpose of this paper. That 
variation in atmospheric and other moisture may affect the rate 
of development or inhibit it entirely has been abundantly demon- 
strated. 

A small series of moisture tests was made, not for the pur- 
pose of studying moisture relations in general—but merely to 
determine whether such variations in moisture as might occur in 
the experimental material used in temperature work could be 
expected to have any material importance in the interpretation of 
results. These constituted a comparison of high atmospheric 
moisture (80 per cent relative humidity or higher), with low mois- 
ture (30 per cent relative humidity or lower), at several temper- 
atures and with several insects. The results are given in Table 30. 


TABLE 30.—Development of insects under variable moisture conditions. 


High Moisture (80%) Low Moisture (30%) 

Insect Stage Temp. Time in Per Cent Time in Per Cent 

Days Emerged Days Emerged 
C. vomitoria pupae 30° 6 81 5 85 23 
C. vomitoria pupae 20 ome, 88 9735 46 
C. vomitoria pupae 15 16.8 78 i) 39 
L. Caesar pupae 30 Si. 64 5220) 47 
L. Caesar pupae 20 Oral 85 Ord 67 
L. Caesar pupae 3 14.5 74 14.75 62 
S. Carnaria (?) pupae 30 5-8 86 6. 69 
S. Carnaria (?) pupae 20 9.1 82 9 71 
S. Carnaria (?) pupae 15 16.2 70 16 4 64 
L. Caesar larvae 30 4.6 67 47 60 
L. Caesar larvae 20 TS 85 7.4 nz 
L. Caesar larvae 15 12-1 78 2353: deal 


Moisture conditions as extreme as those represented in Table 
30 did not occur with any of the fly material studied. Variations 
indicated in the table are slight, no greater than may be found in 
the individual lots comprising any one of the averages given in the 
constant temperature tables. There is to be noted a decrease in 
percentage of emergence in the dry lots which is probably of signi- 
ficance. Likewise, in the dry lots at the higher temperature, and 
to a less extent at all temperatures, a reduction in the size of the 
emerging individuals was frequent as was also an increase in the 
percentage of imperfect flies. 

These results merely indicate that the variations in atmos- 
pheric moisture had little effect under the conditions of these ex- 
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periments. Moisture conditions of the food of the larvae and of 
the soil surrounding the pupae were kept as near to the standard 
as possible, but the extremely rapid drying under the dry conditions 
caused some variation in the superficial layer of sand. 

Elimination of consideration of moisture variations as an im- 
portant factor seems to have been justified. 


Sources of Error 

Attempt has been made to reduce experimental error to a 
minimum in this work but it is still probable that small errors of 
various natures contribute to the variability of the results. Tem- 
perature has been controlled to within four-ninths of a degree C. 
plus or minus. It is still possible that the variation in some of the 
lots was consistently in one direction while in other lots it was in 
the reverse direction. Where the period was long, the error thus 
accumulated, even though it amounted to only one-fourth degree, 
would be great enough to account for nearly any of the variations 
which have been recorded. In a similar manner, a discrepancy of 
a fraction of a degree in the calibration of a thermometer or in the 
reading of it, would accumulate an error proportional to the length 
of the period involved. In the first instance the error would be al- 
ways in one direction; in the second, if the reading were done by 
one person, the error would be likely to be in one direction. 

Still another possible source of error based upon temperature 
records is the variation in temperature within the incubator. Every 
effort was made to have this temperature uniform within what 
were considered satisfactory limits and the records show that this 
was done. At the same time the possibility of a variation of not to 
exceed one-half degree which might well have been rather consist- 
ently in one direction, must be accepted and would further con- 
tribute to the general variability of the results. 

The time factor introduces another source of error. Observa- 
tions, as has been stated, were made at six hour intervals where the 
developmental period was expected to be less than twenty days and 
usually at similar intervals regardless of the length of the develop- 
mental period. Time of emergence or pupation was recorded as at 
the time of observation or as having taken place in the middle of 
the preceding six hour period, experience with the appearance of 
emerging or pupating individuals enabling one to tell with consid- 
erable certainty which record would most nearly approximate the 
actual conditions. Nevertheless, a possible maximum error up to 
six per cent must be admitted. This error will tend to have a great- 
er value where the developmental period is short than where it is 
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long and will probably be more frequently in the plus direction than 
in the minus. 

Variation in the material used would include possible seasonal 
variation, the work having been done at all seasons of the year 
when material was available; year to year variation, the summaries 
including, in the fly material, insects collected during at least five 
different years and the individual variation which occurs among 
the individuals of any lot originating from a single mass of eggs 
or from masses collected at any one time and place. Locality varia- 
tions are eliminated because all material used was collected in one 
restricted locality, probably all within one hundred yards of one 
spot. 

It is not to be supposed that the observational errors, or possi- 
bility of observational errors were disregarded; every precaution 
was taken to exclude them and it is certain that they were not more 
important, at the worst, than has been suggested above. In order 
that these unavoidable errors might be equalized, large numbers of 
individuals were used wherever that was possible so that small 
variations would tend to cancel each other and the general average 
represent as nearly as possible the true conditions. 


Discussion of the Data 
CONSTANT TEMPERATURE SERIES 


In a previous paper, (Sanderson and Peairs, 1914), the writer 
concluded, independent of previous work, that the developmental 
curve was an hyperbola and its reciprocal, the curve showing rela- 
tive velocity of development, was, in its ideal form, a straight line. 
From these conclusions it was assumed that the threshold of de- 
' velopment (developmental zero was the name applied at that time) 
should, theoretically, be the zero of the velocity curve or the point 
at which that curve intersected the temperature axis. The data in 
this study have been collected largely for the purpose of determin- 
ing whether the earlier conclusions were justified. An inspection 
of the graphs showing the velocity curves for the material of this 
study will show that the points on these curves at least approach 
the straight line condition. To show the closeness of this approach 
the summary in Table 31, based on the data from the fly material 
only, has been prepared. This shows the percentage of departure 
of points of all the curves, from the calculated straight line. De- 
partures on the curves based on data from the other insects are 
somewhat greater but there is a similar distribution of plus and 
minus values. 
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TABLE 31.—Departure, expressed in percents, or points on the velocity curves, 
from the theoretical straight line curve.* 


Tee Mean or tka Se pacnved cebu ai: 
ince Eee 2 | Sein 4 if => | Sree F 8 Percent 
35° Mean bs: 125 |—6 | Le, 1.6 .6 Dre, i] Py We 
First — 5 5 —l.1 Pes) i] 1.8 1.6 4 [S6 
S Mean |=27"|=3), OME 2ES IP.2u5 6) 20 ahd ry 
First — .8 12 |— .1 8 z, Lez hi Eye 10 
a Mean 7 2.5 rg a 206 16s Teh = eee a 
First Eee | 1.  |—2 | 7 1.3 |—3. Ze — Testi) 
a Mean |—3 2 i Sea Se CCS =~ Ee 2 8 
First —2.9 Les 8 | eG) | Jats} 2S == os > 1 6 
15 Mean 3:0 On? 0.6 |—4, — 8 10 Hf. 7 4 05 
First 2.0 |--3.0 Pha? .6 |—1.6 2 — .6 eed 1 65 
10 Mean 8. 10. 425 Cie —4. —4 10. yp) G) 9 
First 4. v Ne Ze i 4. —8. —2 6. 11 5 6 
8 Mean he De. 7 24s Gye 13: 14 
First 8 Ses 4) 8 4. 8 1 
Aver. for Mean 5.3 623 3.4 (Va) PR PIS) 5.5 4.6 7.6 by 748) 
Table First ZS 3.4 ea?) 19 | Shires) 223 1.6 228 24 
*Tested by Harris’ method for determining goodness of fit, the formula being 
: (oe) 
x= § —— , 


Cc 


where o is the observed value for the ‘‘constant’’ at any point, while c is the calculated 
value for the same point, the values for X? being converted into an expression of the 
chances favoring the straight line interpretation of the data, the values for the mean and 


for the minimum time emergence data from tables | to 8, give the following: 


I 38-1 99- 

Zz 53-1 99-1 
3 96-1 99-1 
4 99-1 99-1 
5 95-1 98-1 
6 70-1 98-1 
7 96-1 99-1 
8 10-1 93-1 


In practically all cases these values indicate a certainty that the straight line is the 
proper interpretation for the data. It is to be noted that the values indicate cleaily that 
the use of the minimum emergence data is preferable. 


Table 31 shows that there is a difference in the degree of error 
indicated in the mean curves and in the first emergence curves, the 
latter being consistently lower. There is also a difference in the 
distribution of the errors. The mean temperature summary shows 
that variations at high temperatures are all in the minus direction 
while those at the lower temperatures, 8° and 10°, are nearly all in 
the plus direction. The reason for the minus variation at 35° is 
probably that the low temperature plus variations are rather large 
and that these have shifted the position of the curve so that the true 
nature of the variations at 35° may have been obscured. 

In the summary of first emergence data, on the other hand, the 
low temperature variations are seen to be much smaller so that 
they have had less effect in changing the position of the curve rela- 
tive to the high temperature points; these latter now show a decided 
tendency to vary in the plus direction and this probably indicates. 
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_ the beginning of the high temperature retardation effect. This 
high temperature retardation has not been emphasized in the data 
presented but has been generally noted. At points ranging from 
about 35°, more or less, the development is slowed down. Rarely is 
complete development possible at 40°. This fact has been brought 
out by other investigators (Krogh, 1914) and seems to be a gen- 
eral phenomenon. 

No evidence which would tend to suggest an experimental ex- 
planation of this behavior has been offered. Probably the limits of 
what is termed normal development occur about this point on the 
temperature scale. The lethal effect of high temperatures, which 
may have to do with changes in the chemical condition of the pro- 
toplasm, possibly due to colloidal changes, may show here the first 
evidences of their action. For a limited range of temperature, de- 
velopment although retarded, is still complete. Somewhat higher 
temperatures still permit partial development but death intervenes 
before the process is complete. Such lethal effects may actually be 
present at lower temperatures but be too slight in extent to be 
noticeable. 

Departures from the mean, indicated in Table 31, for median 
temperatures, particularly those based upon first emergences, are 
slight, usually well within the limits of observational error, and 
show a fairly even distribution between plus and minus aberra- 
tions. 

The summary indicates that the averages based upon time of 
first emergence are probably a better expression of the tempera- 
ture effect than are those based upon mean emergence. 

The extent and nature of the variations from the constant in- 
dicated in the summary are the strongest evidence presented that 
the straight line is the true shape of the curve of velocity of de- 
velopment, at median temperatures. Near the lower end of the 
curves, a rather consistent variation in the plus direction, indicat- 
ing retardation of development and a greater time requirement, is 
found. Even here, the daily value of such variations is extremely 
small; their considerable effect in the total thermal increment is 
due to the fact that they are repeated daily for a period of many 
days. 

Explanation of this retardation may readily be found in the 
developmental conditions of both larvae and pupae. In the case of 
larvae, the necessity for changing the food material when the de- 
velopmental period lasted much longer than it probably ever does 
under normal conditions outdoors, causes some delay incident to 
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the transfer of larvae from the old food to the new and to the fact 
that they do not begin feeding immediately upon new food. This 
might easily account for such retardation as has occurred with 
larvae. 

Pupae, when their development requires a long period, regard- 
less of the care with which temperature and moisture conditions 
are maintained, show a change in the texture of the outer covering 
or puparium. This may be likened to a ripening process or it may 
better be called merely aging. These puparia are tougher in their 
texture than the fresher ones which undoubtedly delays the emer- 
gence of at least the weaker individuals in a group and certainly 
prevents entirely the emergence of many of them, thus accounting 
for a part of the mortality always observed in low-temperature 
lots. 

It is to be noted that these possible factors will both cause re- 
tardation in development; that is, variation in the plus direction, 
which is in accord with the observations. It is likewise probable 
that they will operate less noticeably with the more vigorous in- 
dividuals in any lot so that the time of first emergence might be 
expected to be less influenced than the mean. This agrees with re- 
sults also, the variations from the straight line being less marked 
when the curve is based upon first emergence than when it is based 
upon the mean emergence time. 

The foregoing discussion applies only to evidence presented in 
this paper. So far as that evidence alone is concerned there is no 
reason to believe that the straight line interpretation might not 
apply to all parts of the curve below certain upper limits as has 
been previously pointed out. 

A considerable amount of data from other sources indicates 
that the developmental process at low temperatures within a few 
degrees of the zero of the velocity curve, cannot be expressed by 
the continuation of the straight line but that there is a distinct 
aberration in the direction which indicates acceleration. 

Shelford (1917) has called particular attention to this point 
and the work of Krogh (1914), Reibisch (1902), Loeb and Was- 
teneys (1911), Loeb and Northrup (1917), Headlee (1914), and 
Krafka (1920), to mention only a few of those bearing on this 
point, as well as a more recent study by Shelford (1926), have 
indicated clearly this deviation in the minus direction. In some 
cases this deviation has been so great that development has been 
demonstrated at temperatures below the zero of the velocity curve. 
This was shown by Loeb and Northrup (1917) as pointed out by 
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Krafka (1920). Shelford has found a similar condition with the 
codling moth while the work of Krogh suggests that the condition 
holds true for several animals studied by him. 

In none of these instances is the variation great in degree but 
the fact that it has been observed by several different investigators 
working with diverse materials precludes any explanation on the 
basis of experimental error. The uniformity of the conclusions 
which these several investigations demonstrate, points strongly to 
a probability that the threshold of development is actually below 
the zero of the velocity curve. 

Apparently the only contrary evidence is contained in this 
paper. Of the fact of retardation here recorded, there can be no 
doubt. Nor can there be doubt as to the evidence showing that 
there was no apparent development at the zero point even with 
flies kept at that temperature for periods extending as long as 
twenty-three months. The improbability of a fundamental differ- 
ence, at this point, of the temperature effect on different organisms, 
leads to the search for an explanation which may reconcile the con- 
flicting data. 

It has already been pointed out that the retardation of devel- 
opmental rate as compared with that to be expected from the 
straight line curve, might be explained by the operation of outside 
factors, variation in food supply of larvae, and change in the tex- 
ture of the puparium, not connected directly with temperature. It 
is certainly possible that these same factors might account for the 
somewhat greater variation from the condition of the curve repre- 
senting a lower threshold of development. 

The lack of evidence of development at the zero point has been 
mentioned. Slight development at temperatures one degree or one- 
half degree above this zero has been recorded but this has always 
been less than the time at these temperatures would lead one to 
expect. This shows that there is a factor for retardation operating 
at low temperatures. It is conceivable that this retardation is so 
great at the next lower temperatures studied as entirely to obscure 
the evidence of any slight development which might take place. 

It might be expected that the zero of the developmental curve 
would be the zero, or threshold, of development. Actually, it seems 
that it is not. A probable explanation is that development begins 
at a point somewhat lower than the zero of the curve; that it is at 
first very slow but gradually increases in rate of acceleration until 
the protoplasm reaches the condition of stability which it maintains 
through the normal range of development. From this point of 
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stability the curve of increase in velocity runs in a straight line 
until it reaches the point of falling-off near the upper limit of the 
developmental temperatures. This condition represents a gradual 
increase in the value of the day degree from zero, at the threshold, 
to a constant value at the point of stabilization of the protoplasm. 

Discussions up to this point have dealt with the applicability 
of the theory of the interpretation which assumes the develop- 
mental curve to be an hyperbola and its reciprocal, the straight line, 
to represent the rate of increase in the velocity of development. 
Whether this is the best explanation of the facts must be deter- 
mined by the consideration of other explanations which have been 
offered. Most prominent among these has been the law of van’t 
Hoff. 

The law of van’t Hoff (1884) states that the velocity of a chem- 
ical reaction increases with the temperature and that the coefficient 
expressing the rate of increase is usually between two and three for 
each ten degree rise in temperature. Actually, over any consider- 
able temperature interval, the coefficients show a much greater 
variation than this and it seems to have been no part of the assump- 
tion in the original formulation that the coefficient was, for any ten 
degree interval, the same as for any other ten degree interval. 

Observations in the field of biology showed that the actual co- 
efficient of increase in growth or rate of development was frequent- 
ly between two and three and this led to the use of the van’t Hoff 
formula as a convenient means for describing the rate of increase 
in terms which might refer the origin of the increased velocity to 
chemico-physical causes. 

An examination of the coefficients for a chemical reaction and 
a comparison of these with similar coefficients for a biological re- 
action, will show that they are similar in order of magnitude; that 
they decrease with each successive rise in temperature; and that 
they show, graphically, the same relation to the straight line as do 
the developmental data. If, as is apparent, the van’t Hoff coeffi- 
cients are not constant they can have no value in other than a de- 
scriptive sense, correlating the biological process with the chemico- 
physical, unless a method for the calculation of the one from the 
other can be devised. The straight line interpretation of the ve- 
locity curve seems to furnish this. 

It appears, therefore, that the van’t Hoff coefficients as used 
in the description of the rate of chemical reactions, apply in a sense 
to biological processes, but that they vary in their magnitude and 
may best be calculated from the straight line index. 
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Krogh (1916) reaches conclusions essentially similar to the 
foregoing. Kanitz (1915) brings out the similarity between the 
biological coefficients and those for chemical reactions. 

Arrhenius’ modification of van’t Hoff’s formula has also been 
suggested as a possible basis for the explanation of the biological 
problem. It is open to the same objection as the van’t Hoff formula 
in that the coefficients derived from its application are not ordinar- 
ily constant. As applied to data in this paper, the Arrhenius’ co- 
efficients plot graphically on an approach to the straight line index 
(van’t Hoff coefficients plot graphically on the hyperbola). 

Crozier (1924) has found that for certain reactions of organ- 
isms to stimuli as influenced by temperature changes, the Arrhenius’ 
coefficient (termed ‘“‘temperature characteristic” by Crozier) is a 
constant for a certain part of the temperature range, but that at a 
temperature of usually about 16°, the constant changes and another 
holds from that point downward. Crozier interprets this by as- 
suming that the reaction is first based upon some one single chem- 
ical reaction of a simple nature; that at the point where the second 
coefficient enters a different reaction begins to take place. No 
parallel between these phenomena observed by Crozier and the 
developmental data is apparent. It is entirely probable that the 
vital reactions in development are affected by so many different 
chemical processes that we are not yet ready to attempt to isolate 
the effects of the individual ones. Krogh found the formula of 
Arrhenius to be no more satisfactory than that of van’t Hoff in 
the explanation of data which was essentially similar to that con- 
tained herein. 

Of both these formulae it may be said that they do not conflict 
with any of the conclusions involving the straight line interpreta- 
tion of the velocity curve but that neither is as useful for study of 
biological data as is the study of such data in relation to the 
straight line. 

The formula of van’t Hoff is as follows: 


Bie Ky = i 


Kate 
Q10 being the usual designation of the van’t Hoff coefficient; 
K, being the time at the first temperature; t,; and Ke. the time at 
the second temperature. 
Arrhenius’ formula is usually given as: 


q T.—T, 


eRe 
° i 
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In this formula K designates the time factors at the first tem- 
perature and at the second; T refers to absolute temperature and 
“y” is a constant which is ae oximately equal to two and is usually 
applied as that number; ‘‘qg” is then the constant for the formula or 
the “characteristic” See to the usage of Crozier. 


For biological reactions it might be better to use effective tem- 
peratures rather than absolute temperatures since, according to the 
evidence, temperatures below the threshold have no influence upon 
development. Figure 18 shows the Arrhenius’ coefficients based 
upon the minimum emergence data from Table 4, in their relation 
to the straight line. Figure 19 shows that van’t Hoff coefficients 
from the same data and their relation to the curve. 


Other suggested explanations of the velocity curve are some- 
what indefinite. That the curve, near its lower limits, may be an 
exponential one, as has been suggested, now seems probable. That 
the straight line curve may be, in fact, not one curve but two, one 
representing development above a given point and another de- 
velopment below, or one representing the action of one set of 
forces and the other the operation of a different set of forces, the 
two being assumed to overlap and the straight line being the com- 
ponent of the two sets of forces, is within the bounds of speculation. 
Since there is no definite evidence upon which to base a discussion 
of this possibility no use can yet be made of it. 


(Effective temperatures. ) 


Fig. 18.—Arrhenius’ coefficient based upon data in Table 4. 
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Fig 19.—Van’t Hoff coefficients from data in Table 5. Based on minimum emergence 
records. 


Still another possibility is that there is no definite law govern- 
ing developmental processes. This is entirely contrary to the mod- 
ern trend of interpretations of vital phenomena and absolutely un- 
tenable if we accept the principle of the essential unity of biological 
processes with those of chemistry and physics. Barry (1904) has 
pointed out that there is nothing more exact than the laws of ther- 
modynamics and also the probability that these laws apply in bio- 
logy. The whole trend of investigational results establishes this. 
If the data now available do not fit exactly any physical explanation 
it is entirely probable that the correct explanation has not been sug- 
gested or that the data are not sufficient in quantity or in. accuracy. 
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SUMMARY 


1.—It has been shown that the rate of development of certain in- 
sects is directly affected by the degree of temperature and that, for the 
greater part of the range of temperatures permitting development, this 
relation is best expressed by a curve for the velocity of development 
which takes the form of a straight line. 


2.—Data indicate that the straight line departs from its course near 
the ends. At the upper end the departure is in the direction which 
indicates a slowing up of acceleration of development.. The opposite 
condition is observed at the lower end of the curve but here, in the 
light of evidence presented by other investigators, it seems probable 
that the increase in the rate of acceleration is due to factors other than 
temperature and that the actual temperature effect would be repre- 
sented by a departure from the straight line in the direction which would 
represent decrease in the rate of acceleration of development. 


3.—For all points along the straight line part of the velocity curve, 
a given accumulation of temperature, or thermal increment, expressed 
in day-degrees, will accomplish a constant effect, expressed in growth 
or development... And, further, that summations of temperatures, to 
derive the constant, may be made from the zero of the velocity curve. 


4.—The point at which development ceases is near to, but some- 
what lower than the zero of the velocity curve.. No definite method 
of locating this threshold of development, is suggested. 


5.—Evidence of development, in the work reported here, has been 
lacking from insects reared at temperatures approximating the zero of 
the velocity curve but other investigators, working with other material, 
have found evidence of development at points even below the zero of 
the curve. 


6.—Development has been found to be accelerated by variations in 
the daily temperature when compared with constant temperatures of 
the same apparent value. 


7.—Some evidence is offered to indicate that the quality of carbon 
dioxide produced during a developmental period is near a constant, re- 
gardless of the temperature at which development takes place, and it is 
suggested that the departures from the constant may represent basal 
metabolism not directly associated with developmental processes. 


8.—Data is presented which show that temperatures undergoing a 
daily variation similar to the normal variation found under outdoor con- 
ditions have a greater effect upon rate of development than do constant 
temperatures from which the same thermal increment is to be computed. 


9.—It is shown in the discussions that the law of van’t Hoff and 
possibly Arrhenius’ formula also may be applied to developmental data 
but that the graphic interpretation, based upon the straight line curve, 
furnishes a more convenient method of analysis. 


eee 
———————————— nm 
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Dusting vs. Spraying in the Apple Orchard* 


The experimental work discussed in this bulletin was begun in 
1913 in cooperation with the Department of Entmology.{ Tests with 
dust for control of peach diseases gave evidence of so much greater 
practical value than did the work with apples that special attention 
was given to this phase of the problem and the results for the years 
1914 to 1917, inclusive, were published as Bulletin 167 of this Sta- 
tion. Since that time the experiments with dust have been continued 
in commercial apple orchards. 


It was hoped that some combination of materials, equipment, 
and methods would be developed by means of which effective con- 
trol of apple diseases with dust would be secured, and which would 
be of practical use to the fruit grower. 

The results of the work have been made available to the fruit 
growers of the state from year to year by means of papers and dis- 
cussions at the meetings of the State Horticultural Society and through 
the Extension Specialist in Plant Pathology. The present publication 
summarizes the work with apples to date. 


In 1913 the apples were all killed by late freezes in two orchards 
where dusting and spraying experiments were undertaken. The 
orchards used during 1914 and 1915 were remarkably free from 
fungous diseases, except rust and black rot, and there was practically 
no evidence of control of these. In 1916 there were no experiments 
conducted with apples, but the work was again taken up in 1917, 
under conditions which gave promise of more definite disease control 
data. 


In each of the experiments described in this bulletin, every rea- 
sonable effort was made to see that the trees were thoroughly coated 
with dust. The work was usually done in the early morning when 
the air was quiet and the foliage was still wet with dew, but some dust 
applications were made in the evening. Applications of dust were not 
made in the middle of the day because there was usually a breeze 
which would seriously interfere and it seemed desirable to have the 
material moistened by dew as soon as possible after applying. Early 


*Submitted for publication April, 1926. a J 

+As the dust materials appeared to give satisfactory insect control, the Department 
of Entomology discontinued active cooperation on this project, after the 1917 season. ; Pro- 
fessor L. M. Peairs and Mr. W. E. Rumsey assisted in the work and secured data on insect 


control previous to the 1918 season. 
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morning applications, while the leaves were still moist, seemed most 
satisfactory. In all of the later work, the trees were dusted from both 


sides. 
EXPERIMENTS IN 1917 


The experiments in 1917 were conducted on | 1-year old Rome 
trees in the J. H. Stewart orchard at Raymond City. The equipment 
consisted of a large Niagara power duster and a Bean power sprayer. 
The materials used were 90-10 sulphur-arsenate dust, a copper-lime 
dust containing one part commercial Bordeaux powder (11% copper) 


TABLE 1.—The effectiveness of certain treatments in preventing diseases and 
insect injuries on apple fruits. Fruit harvested September 21 to October 


2, 1917. 
3 Fruits Af- | Fruits Af- ; 
: eee by feted by Total Fruit Culls+ 
2 Sooty Blotch Scab Examined 
Treatment Pe Nice ta a re ~ Sella 3| * + 
+ a 5 3 & Peel oa \gm 3 iS 
59 E S E : Bolom leah Bul 
mA Zz. n eeu a We a yale, | ar 
| ( 
Dust Sulphur 
(90-10) 7 ee -oe.)) Picked 2918] 99.7|/2881/98.7\2924|12.0/244|305/10 
Dust Sulphur 
(90-10) .. ..-<|Drepped 575|100.0| 573|99.7| 575 
Lime Sulphur Spray| Picked |2203| 99 6|2086\94 .5|/2211|10 5|211/136| 6.2 
Lime Sulphur Spray|Dropped 1010| 99.6! 976|96.3)1014 
Wrutreatecda sare Picked |1429|100.0|1416|99.1|1429| 5.0|/286 NOS) 7/0 
Wntreatedi asec Dropped|1167!/100.0\1163|99.7|1167 
Bordeaux Spray ...| Picked |1696| 99.7] 963|56.6)1701)11.0 155| 6| 0.4 
Bordeaux Spray ...|Dropped| 292| 99.7 225|76.7| 293 
Bordeaux Dust ....| Picked |1807]100.0|1791|99.1|1807) 8 .0|/226 61| 3.4 
Bordeaux Dust ....|Dropped|1181]100.0)1157)97.9)1181 
Wntreatedaner an: Picked | 978|100.0| 976|99.8) 978| 3.6|270\/112|12.5 
Wntreatedime sear |Dropped| 322|100.0| 319|99.1] 322 


*The column headed, “Fruits per bushel”, gives a very good idea of the relative size 
of the apples. 


+Fruit was not sorted into grades but any which was considered as absolutely un- 
marketable was placed in culls. 
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to two parts lime, 3-5-50 Bordeaux spray, and 1-40 lime-sulphur 
spray. The pink or cluster bud application was omitted. 

Applications were made as follows: 

May 9, all materials (calyx spray) 
July 16, all materials* 

The amount of dust used per tree, per application, was about 
two-thirds pound of the sulphur-arsenate and one-third pound of the 
copper-lime. 

The fruit showed practically a hundred percent infection of both 
scab and sooty blotch. There was no evidence of sooty blotch control 
by any of the materials used, and the only evidence of scab control 
was by the Bordeaux spray. The amount of insect injury was not suffi- 
cient to be of much importance, but there was no indication of control 
by any of the materials used. 

In the three columns under “‘total fruit’’ of Table 1, there is some 
very interesting evidence as to the effect of treatments upon sizes of 
fruit. It required only 155 average apples from the Bordeaux sprayed 
plot to make a bushel while from the adjoining check plot it required 
286 apples to make a bushel. It is believed that this difference in size 
was largely due to control of black rot leaf spot, and scab infections 
upon the leaves. No detailed leaf data were secured, but it was ob- 
served that the check plots lost their foliage first and the Bordeaux 
sprayed plot retained its foliage longest. 


EXPERIMENTS IN 1918 


The trees in the 1918 experiments were of the Rome variety and 
twelve years old in the J. H. Stewart orchard at Raymond City. The 
equipment consisted of a large Niagara power duster and a Bean 
power sprayer. The materials used were 90-10 sulphur-arsenate dust, 
3-5-50 Bordeaux mixture, and dry lime-sulphur used at the rate of 3 
pounds to 50 gallons of water. 

Applications were made as follows: 

April 13, Sulphur-arsenate dust (pink spray) 
April 16, Bordeaux Spray (pink spray) f 
April 18, Dry lime sulphur spray (pink spray) 
April 27, All materials (calyx spray) 

May 24, All materials 

The sulphur-arsenate dust was used at the rate of about one 
pound per tree and the spray at from two and one-half to three gal- 
lons per tree. The Bordeaux spray was applied under difficulties, 
which resulted in a very poor application. 


*A more complete schedule of applications was intended, but the entry of this coun- 
try into the World War disorganized the Plant Pathology Department quite seriously and 


ted carrying out the spray program. , 
Bont. tthe alas in the first applications of spray was due to the breaking of the pump. 
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Typical twigs for leaf data were collected on July 8. In choosing 
materials for leaf data care was exercised to select terminal growths 
which fairly represented the general conditions and these were taken 
from different portions of the tree. 


Table 2 shows the very heavy infection from leaf spot, and the 
average number of spots per infected leaf in the check plot is worthy 
of special note. The scab infection was also quite heavy. The greater 
number of leaves free from leaf spot in the dusted plot than in the 
Bordeaux plot was offset by more spots per leaf. The dust showed 
very good control of leaf spot and fair control of leaf scab, but a 
glance at Table 3 shows that scab control on fruit was very slight in 
the case of dust. The fact that both sprays were delayed would nor- 
mally be a handicap in favor of the dust, but the Bordeaux was 
thoroughly effective, although a further delay, such as was required for 
the lime-sulphur, might have been more serious. 


TABLE 3.—The effectiveness of certain treatments in preventing scab and sooty 
blotch on apple fruit. Fruit harvested September 30 to October 2, 1918. 


Distribution of Percentages of ie Po 
Fruits Showing Various = 2 
Degrees of Scab oH oe 2 om 
TREATMENT ig Sp Oe 
00 Er wot 6 On 
5 % © gf oe ne, ® 
~ 2 le E> eh ae oS 
z a s 2 © 2 Ca EO ene 
& ta o Olea 
eee S| ey, ueeibe cei as 
“es | = i. LA A ZW 
intreatcaa = aoe eer oe oe 6.2 | 93 .8|100.0/ 100 .0/ 1153 
Dry Lime-Sulphur Spray ...| 2.2] 12.7] 12.8/72.3| 97.8| 95.8/| 1441 
Salphrtre Duster eae ere hy |) Babs || Bi) | A Pen) EGE | ADU 
Bordeaux opraye ea vk. Sn ee, 198.123.649.311 1724 


EXPERIMENTS IN 1919 


The experiments in 1919 were conducted in the J. H. Stewart 
orchard at Raymond City on thirteen year old Rome trees. The 
equipment consisted of a large power Niaraga duster and a Bean 
power sprayer. Several new materials were tested and, in the case 
of Bordeaux spray, some data were secured as to the most important 
time of application. The materials used were 90-10 sulphur-arsenate 
dust; 3-5-50 Bordeaux mixture; dry lime-sulphur spray, 31/7 pounds 


to 50 gallons; and three special dusts as follows: 
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Dust No. 2 Dust No. 3 
3-5-50 Bordeaux dried and Dehydrated copper sulphate, 20% 
SLOUNd eh on Meas 50% Fivdvatedelime =) a ne 78% 
Hydrated lime .......... 47.5% Copper carbonate ......... 2% 
NCACIN IY See ae. Oe 2.5% 
Dust No. 5 
Dry lime’ sulphur 72.2 --. 2. 50% 
Rye dl otra ee ere wet ht 50% 


The acacia and the rye flour were used with a view to increasing 
the adhesiveness of the dusts. The sulphur-arsenate dust and the lime- 
sulphur rye-flour dust were applied at the rate of about one pound 
per tree, while the copper dusts were used at the rate of about one-half 
pound per tree. 


Applications were made as follows: 


April 18, Bordeaux spray (pink spray) 
April 19, Lime sulphur spray and all dusts (pink spray) 
May 3, Lime sulphur spray (calyx spray) 
May 5, Bordeaux spray and all dusts (calyx spray) 
May 28, Bordeaux spray and lime sulphur spray 
May 29, All dusts 
On the Bordeaux plots shown in Tables 4 and 5, application | 


was made April 18; application 2, May 5; and application 3, May 28. 


It may be noted from Table 4 that the amount of leaf spot was 
much less than in 1918 while the amount of leaf scab was greater. 
Very few of the leaves showed either medium or heavy scab infection, 
but there were spots on a very high percentage of the leaves. The 
first two or three leaves on a terminal (the oldest leaves) were most 
often free of scab infection. The leaf spot was most severe on leaves 
2 to 6 of terminal growth, (leaf 2 being the second large leaf to 
emerge from the bud). 

Practically no leaves had fallen at the time of taking data (July 
18). Leaf samples from the Bordeaux plot receiving applications | 
and 2 were accidentally omitted. 

The lime-sulphur spray gave most effective control of leaf spot 
while none of the materials reduced the amount of leaf scab infection 
very markedly. 

The data given in Table 5 were taken on all the fruit from one 
tree each in the case of Dust No. 2, Dust No. 3, and Dust No. 5, while 
all the fruit from three trees was used in the case of the check plot. 
The fruit in each of the other plots was all harvested separately and 
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TABLE 5.—The effectiveness of certain treatments in preventing scab and sooty 
blotch on apple fruit. Fruit harvested September 24 and 25, 1919. 


Dy 7) 
Distribution of Percentages of 2 3 
Fruits Showing Various ra) ay Fa 
Degrees of Scab © 3 Crs 3 iS 
TREATMENT oe | See | Og 
s Sam i.e 
E > E> = o& 
= | oe apex Bae oa liee are Mvaa 
g bo S = S S30 |Es 
S ms oo oho SK 
Zz 4 = x MA | wan | 2a 
Salphure Dusters ae eee 17.1 | 37-7 | 24.5 |.20:7)| 82.9 |. 10020)] 657 
Bordeaux Spray, Applications 
\earrd 29h tem ee one. 6125 05 hs FL6 558) Oe 9938.5) 200807 02 
Bordeaux Spray, Applications 
DEAN Cee eee ee rats eee 59.5|20.8| 17.0 2.7|40.5| 97.3 | 447 


Bordeaux Spray, Applications 
[ee2ean ne 


70,2) $524 | bl 34) 34 1). 2928) S475 328 


Bordeaux Spray, Application 3.| 1.7] 10.7] 19.2] 68. 4|98.3/| 100.0 | 479 


Untreated. 42 ae eee 1.6 9.1119.5| 69.8] 98.4] 100.0 | 374 


Lame-Sulphur Sprayeee.. - oe 45.9| 23.6] 18.9|11.6| 54.1] 100.0 | 567 


Dust#Nowt2e.- eo os ae 4.1] 25.1] 30.8] 40.0] 95.9] 100.0] 195 
Dust} Novice pace a nee V2091/93393) 24256192925 Sade LOO ON mia 
DustéNosOareo. theta a = | 4 WS tgs 51.4|98.8|100.0| 171 


piled up. Then a typical three bushel sample was taken for the pur- 
pose of securing individual fruit data. Some idea may be obtained 
as to the relative size of the fruits by noting the number required for 
three bushels in the sulphur dust, lime-sulphur spray, and the various 
Bordeaux spray plots (last column, Table 5). 


The fruit infection from scab, and sooty blotch was fully as 
severe as in 1918. Sooty blotch was not satisfactorily controlled by 
any of the materials used. The Bordeaux spray was very effective 
against scab, and it would seem that the second (calyx) application 
was the most important under the conditions existing in that orchard 
during the 1919 season. The earlier applications are undoubtedly 
of great importance many seasons. The lime-sulphur spray was next 


in effectiveness and sulphur-arsenate dust next, although none of the 
dusts was at all satisfactory. 


November, 1927) DUSTING VS. SPRAYING 1 
EXPERIMENTS IN 1920 


During the season of 1920 the experiments were again conducted 
in the Stewart orchard at Raymond City, and also in the Bowers 
orchard at Bunker Hill. 


New materials tested in connection with this work were: 
Dust No. 6 


Bug Death, (a commercial proprietary compound containing a high percentage 
of zinc oxide). 


Dust No. 7 Dust No. 8 
Superfine sulphur ......... 75% Dehydrated copper sulphate. 15% 
Dry lime sulphur ......... 15% Hydrated lime ......... .. 60% 
Arsenate of lead .......... 10% Venetian red (Ferric oxide). 15% 
Aersenatenot leaders 10% 
Dust No. 9 

Commercial Bordeaux dust (11% copper) 45% 

Eivdratedn limes ee ree i oo mal 45% 

Arsenate oflead! atu ee 2 ).cc et oo 10% 


The standard 90-10 sulphur-arsenate dust, 3-5-50 Bordeaux 


spray, and 1-40 lime-sulphur spray were also used. 


At Raymond City 


In the experiments at Raymond City the trees were of the Rome 
variety and fourteen years old. The equipment consisted of a large 
power Niagara duster and a Bean power sprayer. 

Applications were made as follows: 

April 23, Dry lime sulphur spray 

April 24, Bordeaux spray 

April 30, Dusts 

May 6, Bordeaux and lime sulphur sprays 
May 12, Dusts 

May | Ds Dusts 

May 26, Bordeaux and lime sulphur sprays 
June | Ke Dusts 

June 25, Bordeaux and lime sulphur sprays 


June 30, Dusts 

There was some delay in making the first application of dust, 
and the trees were nearly in bloom at that time. 

Leaf spot and scab were considerably more severe in 1920 than 
in 1919, but Table 6 shows that very effective control was secured 
with dust as well as spray. The results would indicate that practically 
no scab infection had taken place on April 30. The dust No. 7 (sul- 
phur-lime-sulphur) appeared to be more effective than any other 
material used, while Bordeaux spray was next in value. 

The fruit infection on unsprayed trees as shown in Table 7 was 
nearly a hundred percent for both scab and sooty blotch. In the 
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TABLE 7.—The effectiveness of certain treatments in preventing scab and sooty 
blotch on apple fruits. Fruit harvested September 18 to 21, 1920. 


> 

Distribution of Percentages of S # 

Fruits Showing Various ti 30 i 

Degrees of Scab 3 ong Fi 
TREATMENT me | ee | Oy 
§ te Ss St 
~ 2 s 5 2 S2> | 24 
2 a 3 > oa on ws § | 
5 cc) y a on she | 3s 
Zz ‘a = xq Wp) Ay ky Zu 
Sulphur Dust ....... 28.8 236 DW AS 26.0 PAPA WA ve 901 
Untreated ._... 4.8 L8e3 3724 Bo) 95.2 99 5 1292 
Bordeaux Spray (Se >a orl 7.8 Sy Gs) PALS 5.0 1045 
PustaiNowes) seaee a. oie 48.2 | 19.7 14.4 Lia Sin8a | G4e2: 1141 
DusteNos uae. as. 40.2 | 38.5 87 12.8 | 59.8 | 82.6 1298 
DustivNos 9) 22.5 56% ue a2 |) SIE CY EY || PAY. 90 6 | 61.9 593 


control of these diseases on apples the Bordeaux spray stands out by 


itself. The dust No. 


7 was slightly more effective than any of the 


other dusts, but could not be considered satisfactory. 


At Bunker Hill 


In the experiments at Bunker Hill the work was conducted in 
the Bowers orchard on trees of the Ben Davis variety, eighteen years 


old. The equipment 


consisted of a small Kansas City power duster 


and a Domestic power sprayer. 
Applications were made as follows: 


April 26, All materials (pink spray) 

May 10, All materials (calyx spray) 

May 17, Sulphur dust on special plot 

May 22, All materials 

May 27, Sulphur dust on special plot 

The average amount of dust used per tree was: 

Sulphur arsenate .... IY pounds 
DPE INR OD 2 gee occas Z pounds 
DustiNown eos acase: I pound 


The trees were dusted from both sides and nine trees in the sul- 
phur-arsenate block received two extra applications, as may be seen 
in the schedule of applications. There was very little black rot leaf 


spot and no data on it were taken. 
It may be seen from Table 8 that the sulphur dust gave fair con- 


trol of leaf scab, but 


Bordeaux was most effective, and lime-sulphur 
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TABLE 8.—The effectiveness of certain treatments in preventing scab on apple. 
Leaves collected July 9, 1920. 


; = Ee 
Distribution of Percentages of 5 ee S 
Leaves Showing Various ae O.8 S 
Degrees of Scab s o 4 
TREATMENT bo os | Say 
& & iy Se _ 
” 3 > & g ao Pour 
9 =| Ht > o> BS Fs £ 
8 e g 3 5 § 5% | 3s 
Z Ss = x | ys] || pale 
Sulphur Dust (5 appli- 

Cations) eee ae 64. 13) 18) Or. || Oc | Sou By 193 
Lime Sulphur Spray ion 24.6 0.0 | 0.0 | 24.6 Seo | 228) 
Wntreateciue rae seer 14. (Oi) .@ oe Gy 85.6 5.9 236 
Bordeaux Spray ....... 98. 18: 0. |) O-@ 1.8 ts 326 
DuUstwNowmos a eae Som Sill Z oP 8) | 33 62.4 3.6 22S 
Dre Wee GO s.eocacanes LSE 3h5) . 7 4.9 il.tee || 2 “E 283 


*lLess than one percent of leaves gone. 


spray next. There was a small percentage of leaf 


to the Bordeaux. 
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The scab infection was rather uniformly distributed on all leaves, 
although leaves 8 to 10 and 14 to 16 on terminal growths showed 
the greatest amount of injury. 

The greater efficiency of the sprays is brought out more markedly 
in the fruit data given in Table 9. The Bordeaux spray was very 
satisfactory and lime-sulphur quite good, while the amount of scab 
was reduced very little by any of the dusts. 


TABLE 9.—The effectiveness of certain treatments in preventing scab and sooty 
blotch on apple fruits. Fruit harvested October 19 to 21, 1920. 


Distribution of Percentages of =e 2 
Fruits Showing Various me cat 8 2 
Degrees of Scab 3 om hy 
TREATMENT bo bo ‘Su 
l Pil ag > o 
a > E> e ao 3 
2 z - 2 ga | $2a | gé 
5 ba o S a6 Sey 5 i 
Zz J = x on A iy 2 Zu 
Sulphur Dust (3 | 
Applications) ....| 24.1 53,8 2SIO 18.5 75.9 5.9 ow) 
Sulphur Dust (5 
Applications) ....| 21.2 34.6 Zon0 ies Tht) || 68.8 803 
Lime-Sulphur Spray ..| 54.0 | 28.3 2 AG 5.1 | 46.0 7 |) go 
intreated: ses. ss 6-9 (e20300 34.7) 39.4 | 9921 }10.2 | 1326 
Bordeaux Spray ..... 687 eben 9.6 969 331 23 NOrO 1.250 
Dare Now... 19.6 | 35.3 | 29.5 | 15.7 | 0.4 | 12.8 | 1364 
DUstyNoy (Owes. so. ae 1527-3554 || 30.4 /G.o || CYES PA SS) 421 
| 


EXPERIMENTS IN 1921 


The experimental work in 1921 was carried on at Raymond City 
and at Inwood. Special dusts used this season were: 


Dust No. 7 Dust No. 10 
Superfine sulphur ...:.:... 75% Superfine sulphur ......... 70 % 
Diryslimersalphur 2+. 4: 15% Dehydrated copper sulphate. 5% 
Arsenatelotmeadsn a ss: 10% lydratedelumemees sa an: 15% 
Arsenate of headin we 10% 


The standard 90-10 sulphur-arsenate dust was also used in both 
orchards. 
At Raymond City 


In the experiments at Raymond City the trees were of the Rome 
variety, fifteen years old. The equipment consisted of a large power 
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Niagara duster. Late spring frosts destroyed practically all prospect 
of fruit and it was found impracticable to use a spray outfit. The 
trees were in blossom unusually early and the first application was 
made as the petals were falling. 


Applications were made as follows: 


April 15, All dusts 
April 21, All dusts 
May vf All dusts 
The trees were thoroughly dusted, from both sides, and received 
from one to one and one-half pounds per tree, each application. 


Table 10 shows that there was very serious injury from leaf 
spot on unsprayed trees, and many leaves showed more than one 
hundred spots per leaf. There was not much early infection, and 
the first three to five leaves on terminal growths (oldest leaves) were 
comparatively free from leaf spot. Many of the badly infected leaves 
(11.1%) had already fallen on June 25 when the samples were col- 
lected. Most of the scab infection on leaves occurred quite late and 
the four or five youngest leaves were most injured by it. 


All the dust materials were quite effective in controlling leaf 
infections of both scab and leaf spot. 


The fruit data in Table 11 is not very satisfactory because there 
were very few apples and these were scattered irregularly over the 
trees. In the case of the check plot seventy-six apples were harvested 
from seven trees. This included all the apples on the trees and some 
drops. None of the dusts gave satisfactory control of scab on fruit. 


TABLE 11.—The effectiveness of certain treatments in preventing scab and sooty 
blotch on apple fruit. Fruit harvested September 16 to 18, 1921. 


Distribution of Percentages of | z 

Fruits Showing Various & seep iS r:) 

Degrees of Scab ° b= ° oe E 

” o “= 3 

TREATMENT bo » A a 

E o> Bio 5 

ee 2 2 § 2 a2 2 ag 

FI 4 3 % 2's 2°5 ES 

5 bo o o aS of > Em 

Zz 4 = a6 Wa) py 2 || ei 
Kintreatec ree: Be ites 52 AO. || AG 3s || Geb 100.0 76 


Sulphur-Arsenate Dust | 23.7 IG |) 44 © We) | 783 100.0 | 704 


Dw ING, WO os sbae: 1959 J) 33-4>)) 351 15,6 |°80°.1..) 100.0") 612 


MEIN Wf euce donee 23.1 | 43.5 | 20.5 | 12.9 | 76.9 | 100.0 | 225 
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At Inwood 


In the experiments at Inwood the work was conducted in the 
Silver Hill Orchard. The trees selected were of the Ben Davis 
variety, and about twenty years old. The equipment consisted of a 
small Niagara power duster. 

The dates of application were: 


April 12, All dusts 
April 25, All dusts 
May 6, All dusts 


The average amount of material used per tree for each applica- 
tion was about two and one-half pounds of the sulphur-arsenate dust 
and Dust No. 7, and about two pounds of Dust No. 10. The trees 
were dusted from both sides. 

Leaf spot infection was most severe on leaves 4 to 7, while the 
three oldest leaves and the younger ones were relatively free from it. 
Practically all the leaf scab infection took place even later and was 
most evident on leaves 5 to 10. It is, therefore, clear that these 
leaves became diseased after some dust applications had been made. 
Table 12 shows that both leaf spot and scab infections were reduced 
somewhat by each of the treatments, but none of the materials gave 
satisfactory control. At least a portion of the missing leaves could 
be attributed to frost injury. 

The fruit was irregular and scattered on many trees as a result 
of late spring frost, and this renders the data less satisfactory. It may 
be seen in Table 13 that the sulphur-arsenate and Dust No. 10 plots 
showed most scab control, but the results do not speak well for any 
of the treatments. 


TABLE 13.—The effectiveness of certain treatments in preventing scab on apple 
fruit. Fruit harvested September 21 to 24, 1921. 
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EXPERIMENTS IN 1922 


The work in the eastern part of the state was transferred from 
Inwood to Keyser, where a suitable orchard and better equipment 
were available, while the work in the western part of the state was 
continued at Raymond City. 

Late frosts again interfered with the work by destroying prac- 
tically all fruit in both experimental orchards. Special dusts used 
were: 


Dust No. 11 Dust No. 12 
Superfine sulphur ......... 80 % Dosch copper-lime dust B-8 (con- 
Dry lime sulphur ...... ee liO%s taining 12% monohydrated copper 
Arsenate of lead’ .......... 10% sulphur and 12.5% lead arsenate) 


At Raymond City 


The trees in the experimental work at Raymond City were of 
the Rome variety, sixteen years old. The equipment consisted of a 
large Niagara power duster and a Bean super giant sprayer. The 
materials used were 90-10 sulphur arsenate dust, special dust No. 11, 
special dust No. 12, 3-5-50 Bordeaux spray, 1-40 standard lime-sul- 
phur spray, and the dry lime-sulphur spray. About 34 pound to one 
pound of dust per tree per application was used in the case of sulphur- 
arsenate dust and Dust No. 11, while the Dust No. 12 averaged 14 to 
34 pound per tree. 
Applications were made as follows: 
April 10, All applications (pink spray) 
April 22, All applications (calyx spray) 
May 6, All applications 
May 23, All applications 
June 12, All applications 
Scab was not very prevalent and very few leaves showed more 
than a small area of infection, but leaf spot was quite severe as may 
be noted in the data in Table 14. There were a few scab spots on 
leaves 2 to 4, but most of the infection was on leaves 9 to 12, near 
the tip of terminal growths. Leaves | to 3 were quite genevally free 
from leaf spot, while the heaviest infection occurred on leaves 6 to 8. 
Some of the scab infection took place earlier, but most of it occurred 
later than the main leaf spot infection. 
Each of the treatments was quite effective in reducing the amount 


of leaf injury from both scab and leaf spot. 
At Keyser 


In the experiments at Keyser the work was conducted in the 
Knobley Mountain Orchard upon Rome apple trees about fourteen 


years old. 
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Late frosts destroyed practically all fruit and injured the foliage 
very seriously, so that the experiment was not carried through to com- 
pletion, and no data were secured. 


EXPERIMENTS IN 1923 


The work in the eastern part of the state was again transferred 
to Inwood, and arrangements were made for securing some data 
from a large orchard at Rada. The work at Raymond City was con- 
tinued. 


At Raymond City 


The trees in the experimental work at Raymond City were of 
the Rome variety, seventeen years old. The equipment consisted of 
a large Niagara power duster and a Bean super giant sprayer. The 
materials used were 90-10 sulphur-arsenate dust, Dosch copper-lime 
dust B-8 (special dust No. 12), sulphur-lime-sulphur dust (special 
dust No. 7), 3-5-50 Bordeaux spray, 1-40 lime-sulphur spray, and 
dry lime-sulphur spray. 

Applications were made as follows: 

April 20, All materials (pink spray) 
May 4, All materials (calyx spray) 
May 18, Ali materials 
June 7, All materials 
July 12, All materials 

About one and one-fourth pounds of material per tree, per ap- 
plication, were used, of sulphur dust and sulphur-lime-sulphur dust, 
while about three-fourths pound was used in the case of Dust No. 12. 

Leaf spot infection was quite general and severe but the scab 
injury was negligible as shown in Table 15. Leaves ! and 2 were 
generally free of leaf spot, while the heaviest infection occurred on 
leaves 5 to 9 of terminal growths. Scab spots were found almost ex- 
clusively on leaves 7 to 10. 

Each of the materials was quite effective in reducing leaf spot 
injury. The Dust No. 7 (sulphur-lime-sulphur) appeared to be best, 
and the sulphur arsenate dust ranked about equal to the Bordeaux 
spray. Each treatment was also very satisfactory in controlling leaf 
scab, although the amount of infection on check trees was slight. 

The amount of scab infection on fruit as shown in Table 16 was 
too slight to be of any significance, but there was one hundred percent 
sooty blotch infection on unsprayed trees. The sooty blotch was al- 
most completely controlled by Bordeaux and lime-sulphur sprays, 
while the Dust No. 7 (sulphur-lime-sulphur) and sulphur-arsenate 
dusts were also very effective in controlling it. 
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TABLE 16.—The effectiveness of certain treatments in preventing scab and 
sooty blotch on apple fruit. Fruit harvested September 20 to 22, 1923. 


Distribution of Percentages of aos = 
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At Inwood 


In the experiments at Inwood the work was conducted in the 
Silver Hill Orchard, and the trees were Ben Davis variety, twenty-two 
years old. The equipment consisted of a large Dosch power duster 
and a Stewart Supersprayer. 3 

The materials used were 90-10 sulphur-arsenate dust, Dust No. 7 
and Dust No. 12. 

Applications were made as follows: 


April 26, All materials (pink spray) 
May 7, All materials (calyx spray) 


May 19, All materials 
May 31, All materials 

The amounts of dust used per tree per application were approxi- 
mately three pounds each of sulphur-arsenate and of sulphur-lime-sul- 
phur, and two pounds of the Dosch copper-lime. 

There was practically no scab infection on leaves, and it may be 
seen from Table 17 that the amount of leaf spot was relatively small. 
Leaf data were not secured from the sprayed plot. None of the treat- 
ments was effective in controlling leaf spot.. 

Table 18 shows that there was a moderate amount of scab in- 
fection on the fruit but that it was well controlled by both of the sul- 
phur dusts and the spray. 
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TABLE 17.—The effectiveness of certain treatments in preventing black rot leaf 


spot on apple. Leaves 


collected July 10, 1923. 


Distribution of Percentages of 
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TABLE 18.—The effectiveness of certain treatments in preventing 


scab on apple 


fruit. Fruit harvested October 14 to 15, 1923. 
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At Rada 


A block of Rome apple trees about twelve years old was selected 


for the experimental work at Rada. 


A large Niagara power duster 


and a power sprayer were used. Bordeaux dust was used except for 


the application ten days after petal fall. 


The 90-106 sulphur-arsenate 


dust was used for the application ten days after petal fall, and Niagara 
copper-lime dust for apples was used for all others. 
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Applications were made as follows: 
May 1, Lime sulphur spray (pink spray) 
May 2, Copper lime dust (pink spray) 
May 14, Copper lime dust and lime sulphur spray (calyx spray) 
May 24, Lime sulphur spray 
May 25, Sulphur lime dust 
June 1, Copper lime dust 
June 14, Copper lime dust 
June 28, Copper lime dust 


Six applications were made on the dusted plot. Complete data 
were not secured, but the owner reported no success whatever in con- 
trolling scab with the dust, while spray was very satisfactory. The 
fruit from the dusted plot was kept separate when it was sent to the 
packing house and the inspector there reported very heavy scab in- 
fection on fruit from dusted plots but practically none on fruit from 
sprayed plots. Some boxes of typical fruit from the two plots were 
sent to the laboratory at Morgantown and furnished evidence that the 
statements of the owner and the inspector were correct. 


EXPERIMENTS IN 1924 


The work at Raymond City was discontinued in 1924, but the 
experiments were carried on at Inwood. The copper-lime dusts were 
discontinued because they had been found to cause considerable injury 
to fruit and foliage and they were not so effective as the sulphur dusts 
for the control of the diseases in question. The sulphur-lime-sulphur 
dust was also omitted as it did not appear to be enough more efficient 
than sulphur to warrant the extra cost of the material. 

The 90-10 sulphur-arsenate was the only material used. Forty- 
five of the trees were dusted on both sides on the same date; 
while seventy trees were dusted twice as many times, but using the 
dust alternately on one side of the trees and then a few days later on 
the other side. Late frosts destroyed a large portion of the fruit in 
the section of the orchard where the experiments were under way and 
the remaining fruit was so badly russeted by frost that no effort was 
made to secure data from the plots. 


DISCUSSION AND SUMMARY 


The question, as to the practicability of apple orchard dusting in 
West Virginia, has seemed to be a matter of great economic import- 
ance to everyone interested in orcharding, and every reasonable effort 
has been made to secure satisfactory control of the prevailing orchard 
diseases by the use of dust mixtures. 

It is entirely possible that the development of new materials or 
equipment may make dusting a more satisfactory treatment against 
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our most prevalent and destructive plant diseases. The authors are, 
however, inclined to the opinion that the problem of disease control 
in commercial apple orchards of West Virginia is likely to be solved 
in other ways, so far as the immediate future is concerned. 


In our mountain section the varying and almost incessant winds 
are a serious handicap to the successful application of dust mixtures 
and it is very difficult for commercial orchardists to find laborers who 
are willing to be on the job at the hours best suited for making dust 
applications. 

The leaf infection data secured during several seasons gave evi- 
dence indicating the approximate time of leaf spot and scab infections, 
as well as showing the relative amount of disease on foliage. Leaf 
data from check trees covering four years in the Stewart orchard and 
three years in other orchards did not show in any case a heavy general 
infection of the first three (oldest) large leaves on terminal growths. 
Isolated cases of fairly heavy infections of the first three leaves did 
occur and the twigs bearing such leaves were doubtless located close 
beneath some branches heavily infected with the black rot fungus. 


Cone shaped areas of infection may frequently be found just be- 
neath a dead twig or branch, and such infections often take place at 
about the time the trees come into bloom. In the orchards observed 
there was, however, a later, general infection of foliage by the leaf 
spot organism. It was this general infection which caused most of the 
injury. The fact that the first leaves were so often immune at the time 
of infection indicates that destructive black rot leaf spot infections do 
not normally occur until after petal fall, under West Virginia condi- 
tions. 

The successful control of leaf spot was undoubtedly due in part 
to the fact that the general infection usually occurred soon after the 
ten day or two-weeks application, and in part of the non-progressive 
nature of the disease. The leaf spot infection does not normally 
spread from leaf to leaf, as is the case with scab. 

Scab infection was also very light on the first three leaves, al- 
though there was rather general but light infection on these leaves in 
1919. Heavy scab infection was practically never found until the 
sixth or seventh leaf was reached and most infection was on leaves 
eight to ten, well out toward the tip. 

This infection data would indicate that under West Virginia con- 
ditions, both scab and leaf spot should be readily controlled by 
thorough applications of fungicides beginning in the cluster bud or 


pink stage. 
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CONCLUSION 


Experiments extending over a period of eight years, including 
different locations and orchards, indicated that dust mixtures, at their 
present stage of development, were not effective or satisfactory, for 
the control of several outbreaks of apple scab, under West Virginia 
conditions. 

Dust mixtures were more satisfactory for the control of black rot 
leaf spot than for scab, and gave better control of scab on foliage 


than on fruit. 


Upon varieties which are resistant to scab, or during seasons 
when the amount of scab infection is slight, the use of dust mixtures 
would undoubtedly be satisfactory in West Virginia commercial 
orchards. 
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Sunflower Silage vs. Corn Silage for Milk 
Produétion * 


During the past few years, the use of sunflower silage as a sub- 
stitute for corn silage has aroused considerable interest. The interest 
has been particularly keen in those sections of the country where corn 
does not grow satisfactorily on account of climatic or other unfavor- 
able conditions, or in sections of limited tillable acreage where it is 
difficult to grow sufficient silage and other roughage for dairy cows. 
A preliminary report was published by this Station in 1920, in which 
the results of one trial comparing the feeding value of corn silage and 
sunflower silage were given.f These results were such that it was 
thought that further study should be made in order to obtain more 
definite information as to the feeding value of sunflower silage as com- 
pared to corn silage. Accordingly, two more trials have been com- 
pleted. The results of these, together with the results of the first trial 
are published in this bulletin. A report on a study of the culture of 
sunflowers is given in Bulletin 204 of this Station. 


RESULTS AT OTHER STATIONS 


Since the previous report was published in 1920, many of the 
experiment stations have reported experimental results on the use of 
sunflower silage. Only a brief summary of them is possible in this 
bulletin. A study of these reports shows a wide difference in the 
results obtained. Several of the stations report that sunflower silage 
was equal or superior to corn silage for the production of milk, (3), 
(4), (5), (7). Others report that it was inferior to corn silage (1), 
(2), (6), (8). Among these Bechdel of the Pennsylvania Station 
(1) found that the cows fed sunflower silage produced only about 
86.4 percent as much as those fed an equal amount of corn silage. 
Schafer and Westley of the Washington Station (8) found that sun- 
flower silage was 92 percent as valuable as corn silage for milk and 
butterfat production. Nevens of the Illinois Station (6) obtained 
from 15 to 25 percent more milk when the cows were fed corn silage 
than when they were fed sunflower silage. Hicks of the Agassiz, B. C. 
Experiment Farm (2) obtained an average milk production with 
corn silage of 33.6 pounds and with sunflower silage 31.52 pounds. 
Oe eer aehguitmncrtes ip ees ere eienaule 


1926, to join the faculty of the College of Agriculture, University of Missouri. 
: +West Virginia Experiment Station Circular 32. 
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In regards to palatability the reports also differ. Some of the 
stations (4), (5) found that sunflower silage was palatable to live- 
stock. Others, however, (1), (3), (6), (8) found that sunflower 
silage showed a distinct lack of palatability as compared to corn 
silage. Nevens (6) found that the time of cutting had a great in- 
fluence upon palatability, the earlier cuttings being more palatable 
than later ones. This was the most decisive factor in determining 
the value of the sunflower at the different stages of cutting. 


THE PLAN OF THE EXPERIMENT 


Two well balanced groups of cows were used in each of the 
three trials and are designated as Groups | and 2 in Trial I, Groups 
3 and 4 in Trial II, and Groups 5 and 6 in Trial III]. Care was taken 
to divide the groups in each trial so that they were as nearly uniform 
as possible in regard to breed, weight, stage of lactation, and amount 
of milk and butterfat which they were producing. The plan, however, 
was not to compare the two groups, but rather to compare the two 
feeding periods of the same group, using one group as a check against 
the other. 


The different groups were fed for the period of the tests on a 
ration consisting of grain, hay, and silage. The ration was fed so 
that the cows were receiving an approximate nutritive balance of pro- 
tein and energy as required by the Armsby Feeding Standard. 


The grain ration in Trials I and III consisted of 200 pounds of 
cottonseed meal, 200 pounds of linseed meal, 300 pounds of wheat 
bran, and 100 pounds of ground barley, while that of Trial Il con- 
sisted of 300 pounds of corn meal, 200 pounds of wheat bran, 200 
pounds of gluten meal, 100 pounds of cottonseed meal, and 100 
pounds of linseed meal. 


The amount of grain fed depended upon the amount of milk 
produced. One pound of grain was fed to each three to four pounds 
of milk produced, the exact amount depending upon the percentage 
of fat in the milk. The amount of silage fed differed in the three 
trials. In Trial I], 30 pounds, Trial I, 35 pounds, and Trial III, 45 
pounds were fed per day. It was thought best to feed as much as the 
cows would eat, so that the effects of the silages would be more 
pronounced. 


The cows were placed on a week’s preliminary feed in order to 
accustom them to the change of ration, after which the experiment 
was begun and continued for three weeks. The feeding was then 
changed so that the group which during the first three weeks was 
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getting corn silage was fed sunflower silage, and the group which was 
fed sunflower silage the first three weeks was then fed corn silage. 


The weights of the cows in the different groups were taken on 
three consecutive days both at the beginning of the trial and at the 
end of each period. The average of these weights was taken as the 
weight for that particular time. 


The milk from each cow was carefully weighed after each milk- 
ing. A weekly composite sample was taken from each cow and 
tested for butterfat. 


THE COWS AT THE BEGINNING OF THE TRIALS 


Tables 1, 2, and 3 give the breed, weight, time of lactation, and 
average amount of milk produced by each cow for the seven days 
previous to the beginning of the trials. 


TABLE 1.—Breed, Lactation, Production, and Weight of Cows in First Feeding 


Trial. 
Herd — Breed | Time in \Daily Milk Produc- Weight of 

| of Cow | | Lactation | tion in Pounds | Cows in Pounds 
= 22 Purebred Holstein | 197 Days | 25 8 930 
S 9 Grade Holstein | 160 Days 21 6 1400 
ie) 21 Purebred Holstein | 94 Days 28 6 1020 
= 5 |Purebred Jersey 44 Days 34 6 760 
1e7; Grade Holstein 26 Days | 41 6 1210 
Average 104 Days | 30.4 1064 
7 Purebred Ayrshire} 259 Days 16 3 1120 
N 6 Purebred Holstein 189 Days 32 | 1290 
=) 16 | Purebred Holstein 167 Days 43 7 1230 
ro) 23 Purebred Holstein 81 Days Si) 5) 970 
ss 18 Purebred Ayrshire 44 Days 38 3 900 
Average 148 Days 526 1102 


THE FIRST FEEDING TRIAL 


In Trial I each cow in Group | was fed 35 pounds of sunflower 
silage and each cow in Group 2 was fed 35 pounds of corn silage for 
the first four weeks of the trial. The feeding of the groups was then 
changed so that during the second four week period Group | received 
corn silage and Group 2 received sunflower silage. Each cow received 
10 pounds of mixed clover and timothy hay per day and one pound 
of grain for each 3.5 pounds of milk produced. 
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TABLE 2.— Breed, Lactation, Production, and Weight of Cows in Second Feeding 


Trial. 
Herd Number Time in Daily Milk Produc- Weight of 
of Cow Breed Lactation tion in Pounds Cows in Pounds 
” =| a 
A. 48 Purebred Holstein 98 Days Jail 1100 
5 4 Pus chred HelstciicieiS TaDave 39.7 1500 
es 50 Purebred Guernsey| 65 Days 3X0). 925 
43 Purebred Ayrshire 20 Days Aes 1025 
Average 68 = 335) 4 1138 
+ 47 Purebred Holstein 93 Days 29.0 1200 
a 16 Purebred Holstein 75 Days 41.2 1500 
3 52 Purebred Jersey 66 Days 20.9 670 
&% 36 Purebred Holstein 13 Days 25). Ff 1200 
Average 62 Days WO) 1143 


TABLE 3.—Breed, Lactation, Production, and Weight of Cows in Third Feeding 


Trial. 
Herd Number Time in Daily Milk Produc- Weight of 
of Cow Breed Lactation tion in Pounds | Cows in Pounds 

Le 107 Purebred Guernsey| 121 Days V7 1005 
= 132. | Purebred Holstein | 117 Days | 16 3 1090 
ie) 106 Purebred Jersey 75 Days 1455 795 
5 139 Purebred Ayrshire| 67 Days 37.5 1145 
138 Purebred Ayrshire DL, Dass | 38 4 1060 
Average 87 Days 24 9 1019 

Ze Purebred Holstein 291 Days PSS) 8, 1120 

~ 89 Purebred Jersey 205 Days Wile # 850 
& 100 Purebred Jersey 79 Days Gms | 1035 
(e) 137 Purebred Ayrshire 65 Days 41.1 1080 
fz 136 | Purebred Ayrshire} 19 Days 34 7 972 
Average 132 Days Zan 4 1012 


Tables 4, 5, 6, and 7 give the production of the different cows 
by periods, a summary of the production by groups, the weight of each 
cow at the beginning and end of experiment, and a summary of the 
weights by groups. The production during the preliminary week is 
not included in these tables. 

Tables 4 and 6 show that the five cows in Group |, while being 
fed sunflower silage during a 21 day period, produced 3042.7 pounds 
of milk containing 121.27 pounds of butterfat, and lost a total of 
140 pounds in weight. The same five cows, when fed corn silage 
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during a second 21 day period, produced 2865.6 pounds of milk 
containing | 12.33 pounds of butterfat, and lost a total of 23 pounds 
in weight. 

The five cows in Group 2, while being fed the sunflower silage, 
during a 21 day period, produced 2821.1 pounds of milk containing 
98.64 pounds of butterfat, and lost a total of 47 pounds in weight. 
The same five cows when fed corn silage for a 21 day period, pro- 
duced 3260.9 pounds of milk which contained 107.52 pounds of 
butterfat, and lost a total of 77 pounds in weight. 

Bringing together the results of the two groups, Tables 5 and 7 
show that the ten cows, while being fed sunflower silage during a 21 
day period, produced 5863.8 pounds of milk and 219.91 pounds of 
butterfat, had an average butterfat test of 3.75 percent and lost a 
total of 187 pounds in weight. The same ten cows when fed corn 


TABLE 4.—Production of Cows in First Trial. 


Herd SUNFLOWER SILAGE CORN SILAGE 
Number | Pounds of| Percent of) Total Pounds| Pounds of | Percent of , Total Pounds 
| of Cow | Milk | Butterfat Butterfat | Milk Butterfat Butterfat 
mel 22 503 4 Sy ae 20 00 543 2 Bao 19.20 
=) 9 439 5 Sh )8) 1553 397 > | 3) 3) 740333) 
21 538 6 3 68 19 81 525 8 3.40 7 tz 
4 ee 684.9 | 5.07 BACT CUD ATs S78 35.39 
ive 876.3" | 356 | eyh IA 786 8 3.44 27.04 
Total | 3042 7 3.99 227, 2865 6 3) OA WA, 3B 
Herd 
Number CORN SILAGE SUNFLOWER SILAGE 
of Cow 
“ 7. 298 8 3 86 M2 283.9 4 30 i) 40) 
pu 6 692 4 3.17 21.92 625.4 3 31 20 68 
5 16 870 5 3.04 26.43 759.9 3.13 23 81 
el 23 692.7 DE 97 20 55 554 6 3.40 18 86 
18 706.5 3 84 ZnO 597.3 B87 23.09 
Total Sy74X0) BE oO) Oy) a ASP || 3.50 98. 64 


TABLE 5.—Summary of Production of Cows in First Trial. 


lg d f Percent Total Pounds 
Feeding Periods and Differences Milk Produced Ree uteseict cr meteceet 
Sunflower Silage Period 5,863 8 Sh V/s: 2 Ne 2 
Corn Silage Period 6,126.5 hea) Zt 


Difference in Favor of Corn Silage ISA). 


Difference in Favor of Sunflower 


Silage 0.16 0 06 


_——— 
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TABLE 6.—Weight of Cows in First Trial. 


SUNFLOWER SILAGE CORN SILAGE 
Herd ; Gai Loss| Weight at ; Gai Loss 
Naser Weight at Weight at (~2)in Weight Ser ieena pele at (—-) in Weight 
of Cow. | Beginning ees During First second aa Perna Durer ace 
_ (Pounds) | (Pounds) (Pode (Pounds) | (Pounds) | “(Pounds) 
5} 22 930 900 30 925 932 7 
S 9 1400 1390 J=ikG 1385 1395 10 
ie) ZA 1020 990 =i) 990 DHS == }|5 
5 760 730 == 5\(i) 750 737 =| 3 
7 1210 1170 —40 IS 1163 a7 
Total 5320 5180 —140 522) 5 2OZ oy 
Herd No. CORN SILAGE SUNFLOWER SILAGE 
of Cow 
N 7 1120 1110 —— 0 1100 1 2 
& 6 1290 1240 —2))() 1255 1225 3 
oe) 16 1230 1210 ——/() PAS 1192 3) 
ies 970 990 20 995 1007 12 
18 900 883 ==||7/ 880 862 ey 
Total 5510 5433 —i/7) 5445 5398 ayy) 


TABLE 7.—Summary of Weights of Cows in First Trial. 


Feeding Periods and Weight of Cows at] Weight of Cows at/Gain or Loss (—) in 
Difference Beginning (Pounds) End (Pounds) Weight (Pounds) 
Sunflower Silage Period 10,765 10,578 Ss 1(637/ 
Corn Silage Period 10,735 10,635 == )/(010) 
Difference in Favor 
of Corn Silage 87 


silage for a period of similar length produced 6126.5 pounds of milk 
and 219.85 pounds of butterfat, had a butterfat test of 3.59 percent, 
and lost 100 pounds in weight. 


THE SECOND FEEDING TRIAL 


In Trial II, each cow in Group 3 was fed 30 pounds each of sun- 
flower silage and those in Group 4 were fed 30 pounds of corn silage 
daily for the first four weeks. 

The feeding of the groups was then changed so that Group 3 
was fed corn silage and Group 4 was fed sunflower silage during the 
second four weeks of the trial. Each cow in both groups was fed 
eight pounds of alfalfa hay daily, and one pound of the grain ration 
to each 3.5 pounds of milk produced. 
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Tables 8, 9, 10, and 11 give the production of the different cows 
by periods, a summary of the production by groups, the weights at 
the beginning and end of the experiment, and a summary of the 
weights by groups. 


Tables 8 and 10 show that the four cows in Group 3, while being 
fed sunflower silage during a 2] day period, produced 2664.5 pounds 
of milk and 99.6 pounds of butterfat and lost a total of 146 pounds 
in weight. The same four cows, when fed corn silage for a 21 day 
period, produced 2405.6 pounds of milk and 85.61 pounds of butter- 
fat, and gained a total of 100 pounds in weight. The four cows in 
Group 4, when fed sunflower silage during a 21 day period, produced 
2114.0 pounds of milk, 70.37 pounds of butterfat, and gained a total 
of 40 pounds in weight. The same four cows, when fed corn silage 
during a period of similar length, produced 2280.9 pounds of milk, 
78.76 pounds of butterfat, and lost a total of 43 pounds in weight. 


TABLE 8.—Production of Cows in Second Trial. 


Herd SUNFLOWER SILAGE CORN SILAGE 
Number 
pee Pounds of Percent of | Total Pounds) Pounds of| Percent of | Total Pounds 
oe] Milk Butterfat Butterfat Milk Butterfat of Butterfaz 
oO. 
=) 48 409 2 3.60 14 73 443 6 3.40 15 08 
© 4 19358 3.28 Zorn 746 8 3 08 742) WS) 
oO 50 609.5 4 20 2560) 509.3 4 45 22 64 
43 850 0 3 90 33 14 70D a9 6) 24 86 
Total 2664 5 374 99 60 2405 6 3mD.6 85 61 
Herd No. CORN SILAGE SUNFLOWER SILAGE 
of Cow 
vt 
a. 47 Josh 3) 3u33 23:6 375% | Bred 16 97 
=) 16 708 7 3 00 IBN IAG) 693 5 DB N)5) 20 48 
2 DZ 402. 1 4 07 16 36 33: 4 41 14 88 
oO 36 rol tS 3) 13) 19 78 Dat. I 3ia23 18 04 
Total 2280 9 3.45 78 76 2114 0 3133 LORS 
TABLE 9.—Summary of Production of Cows in Second Trial. 
i i i f Total P d f 
Le hate melas bee acre feutte tee ccBattertat’ 
Sunflower Silage Period 4,778 5 3 56 169 97 
Corn Silage Period 4,686 5 5) 7D 164.37 
Difference in Favor of 
Sunflower Silage 92.0 05 5 60 


ee 
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TABLE 10.—Weights of Cows in Second Trial. 


SUNFLOWER SILAGE CORN SILAGE 
i i Loss| Weigh Weight at | Gai Loss 
Not Weight at | Weight ot (yin Weight Bes aningok mibnalten (—) in Weight 
) of Cow Beginning End of First) During First Second Second During Sec- 
Oo, (Pounds) Period Period Period Period ond Period 
=) (Pounds) (Pounds) (Pounds) |_ (Pounds) (Pounds) 
o 48 WAL 1060 ===5)/} 1050 1080 30 
eee 1514 1470 —44 1460 1460 00 
bx) 960 960 00 980 1000 20 
43 1025 980 a5, 980 1030 50 
Total 4616 4470 —146 4470 4570 100 
Herd No. CORN SILAGE SUNFLOWER SILAGE 
of Cow 
+ Aa 
A, 47 1285 1180 == ||05 1240 1220 —20 
=) 16 1510 1520 10 1490 1520 30 
= Bye 678 700 oD) 680 700 20 
0 36 1170 1200 30 1190 1200 10 
Total 4643 4600 =——43 4600 4640 40 


TABLE 11.—-Summary of Weights of Cows in Second Trial. 


Feeding Periods and Weight of Cows at| Weight of Cows at|Gain or Loss (—) in 
Difference Beginning (Pounds) End (Pounds) Weight (Pounds) 
Sunflower Silage Period 9,216 9,110 ——016 
Corn Silage Period 9,113 9,170 oy / 
Difference in Favor 
of Corn Silage 163 


Bringing together the results of the two groups, Tables 9 and 11 
show that the eight cows, while being fed sunflower silage during a 


21 day period, produced 4778.5 pounds of milk, 169.97 pounds of 
butterfat, had an average butterfat test of 3.56 percent, and lost a 


total of 106 pounds in weight. The same eight cows, when fed corn 
silage, produced during the 21 days, 4686.5 pounds of milk, 164.37 
pounds of butterfat, had an average butterfat test of 3.51 percent, 
and gained a total of 57 pounds in weight. 


THE THIRD FEEDING TRIAL 


In Trial III, each cow in Group 5 was'fed 45 pounds of sunflower 
silage and each cow in Group 6 was fed 45 pounds of corn silage 
daily during the first four weeks of the trial. The rations were then 
changed so that the cows in Group 5 were fed corn silage and the 
cows in Group 6 were fed sunflower silage during the second four 
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weeks of the trial. Each cow in both groups was given eight pounds 
of alfalfa hay daily and one pound of grain for each 3.5 pounds of 
milk produced. 


Tables 12, 13, 14, and 15 give the production of the different 
cows, their weights, a summary of the production of each group, and 
a summary of the weights of each group. 


Tables 12 and 14 show that the five cows in Group 5, while being 
fed sunflower silage during a 21 day period, produced 2028 pounds 


of milk, 85 pounds of butterfat, and lost a total of 195 pounds in 
weight. The same five cows, when fed corn silage for a similar 


period, produced 1944.5 pounds of milk, 81.08 pounds of butterfat, 
and lost a total of 120 pounds in weight. The five cows in Group 6, 


TABLE 12.—Production of Cows in Third Trial. 


| SUNFLOWER SILAGE CORN SILAGE 
Herd 
gaeae Pounds of | Percent of | Total Pounds} Pounds of | Percent of | Total Pounds 
- of Milk Butterfat Butterfat Milk ; Butterfat Butterfat 
a.| 107 304 6 5.16 | 15.71 292.8 5.42 15 86 
Blnis2 | 273.6 | 3.85 10.53: we 263.5 | 3.46 9.13 
o% 106 FISK Dees 12.40 JASY SS" Ao} 4 95 12 66 
y 139 600.8 3.94 23509 560.7 4 06 Vag Hf) 
138 ol2. 1 510 IDS SM 7 3.61 20.65 
Total 2028 0 4.19 85.00 1944 5 4.17 81 08 
Herd No. CORN SILAGE SUNFLOWER SILAGE 
of Cow 
< WDE 363.0 4.46 16.19 192.7 4.69 9.03 
& 89 PAB IS) Ae) B93 os 169.8 4.20 7.14 
° 100 29729 ay ACs, ee eZ 260.4 6.00 ISR63 
fe avy O42 1 4.17 28.01 544.4 4 30 23 41 
136 SIN) <3! 3.41 20.38 458 .3 31,940) 16 96 
Total 2164.1 4225 91.48 625.0 4.44 W2 W7 


TABLE 13.—Summary of Production of Cows in Third Trial. 


ie ola | See daccda or Bueeet: abaiiere oH 
Sunflawer Silage Period || ~ 3,653.6 4 30 157.1? 
Corn Silage Period © 4,108. 6 A DAS 2OY ee 172.56 
tise Dif8rerice in Ravor-off2s 21dloe - 
Corn Silage Cle \ 1 4b aD: 4 15.41 
«. Difference in Favor of 4y : ee ; : Fe 
"Sunflower Silage 0.10 
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TABLE 14.—Weights of Cows in Third Trial. 


SUNFLOWER SILAGE CORN SILAGE 
ieee Weigh : Gai L 
Rake Weight at Weight at ee ers hie eke none at (3) leWeleht 
of Cow | Beginning gr ie ta During First) of Second ee Ponca: Deny he 
n (Founds) | (Pounds) (ees (Pounds) oa? S ePounds) 
= 107 990 990 00 990 970 0) 
e) 132 i PA7/ 1070 5 // 1077 1045 oy) 
el 106 800 i) 3 795 800 5 
139 1150 1130 ==) 1150 1087 63) 
138 1165 1070 == 95) 1075 1065 ——10 
Total 5232 5037 ==||95 5087 4967 || AL 
pala et ee ee ee eee 
ce aeee CORN SILAGE SUNFLOWER SILAGE 
© De, iy) 1130 =?) 1165 1170 5 
S| 89 865 870 5 875 880 5 
fe) 100 1005 i010 5 1010 1007 ——7 
fe )357/ 1090 1057 3) 1025 1080 By) 
136 997 977 =—20 OFT: 970 —] 
Total lez 5044 =! 5052 5107 5) 


TABLE 15.—Summary of Weights of Cows in Third Trial. 


Feeding Periods and Weight of Cows at|Weight of Cows at|Gain or Loss (—) iu 


Difference Beginning (Pounds) End (Pounds) Weight (Pounds) 
Sunflower Silage Period 10,284 10,144 —140 
Corn Silage Period 10,199 10,011 ===|| {oho} 

Difference in Favor of 
Sunflower Silage 48 


when fed sunflower silage for a 21 day period, produced 1625.6 
pounds of milk, 72.17 pounds of butterfat, and gained a total ros J 
pounds in weight. The same five cows, when fed corn silage, pro- 


duced 2164.1 pounds of milk, 91.48 pounds of butterfat, and lost a 
total of 68 pounds in weight. 


Bringing together the results of the two groups, Tables 13 and 
15 show that the ten cows, while being fed sunflower silage during a 
21 day period, produced 3653.6 pounds of milk, 157.17 pounds of 
butterfat, had an average butterfat test of 4.3 percent, and lost a 
total of 140 pounds in weight. The same ten cows when fed corn 
silage produced 4108.6 pounds of milk, 172.56 pounds of butterfat, 
had an average butterfat test of 4.2 percent, and lost a total of 188 
pounds in weight. 
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SUMMARY OF THE THREE FEEDING TRIALS 


Tables 16 and 17 give a summary obtained by bringing the re- 
sults of the three feeding trials together. 


TABLE 16.—Summary of Production of the 28 Cows Used in the Three Trials. 


Feeding Period and | Total Pounds of Percent of Total Pounds of 


Difference | Milk Butterfat Butterfat 
Sunflower Silage Period | 14,295 9 3.783 547 05 
Corn Silage Period 14.921 6 | 3h. FS} 556.78 


Difference in Favor of 


(WE 7} 3} 


Corn Silage 


Difference in Favor of 


| 
| 
. | 
Sunflower Silage | 


| 0.10 


TABLE 17.—Summary of Body Weights in the Three Trials. 


Weight at ) | Loss in 


. . . | W: ht 
pero oe and mr ikerence ees (Pounds) End (Pounds) _ Pounds 
Sunflower Silage Period | 30,265 29,832 433 
Corm Silage Period | 30,047 29,816 231 
Difference in Favor of Corn Silage | 202 


Table 16 shows that when twenty-eight cows were fed for a 
period of 2] days on sunflower silage, together with a basal ration of 
hay and grain, they produced 625.9 pounds of milk and 9.73 pounds 
of butterfat less than did the same twenty-eight cows when fed corn 
silage with the same basal ration for a period of similar length. Put- 
ting the results on a percentage basis, the groups fed sunflower silage 
produced 95.8 percent as much milk and 98.2 percent as much 
butterfat as did the groups fed corn silage. In all trials, the percentage 
of butterfat was slightly higher in the groups fed sunflower silage than 
in the groups fed corn silage. Table 17 shows that there was very 
little difference in the loss of weights of the cows when fed the differ- 
ent kinds of silage. 


ANALYSES OF SUNFLOWERS 


Samples were taken at different stages throughout one season 
from the time the sunflowers came into bud until they were mature. 
These samples were analyzed in order to determine their chemical 
composition at the various stages. The results of these analyses are 
given in Table 18. 

These analyses, while limited in numbers, indicate that the sun- 
flower plant does not reach its highest feeding value until about the 
dough stage. Results from the Illinois Station (6), however, show that 
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TABLE 18.—Average Analyses of Sunflowers at Different Stages. 


3 
$ 
on ey ai) 2 ny 2S 
Stage Analyzed 23 £5 2s $ a g 
ne ov ou 2, 2 rs) (3) 
3 5 Oo 23 25 +5 25 
ze pe ES ze | ge | Zé 
' Bud Stage 1 iD) FS; esa 15.76 5 48 0) Ds be 
Full Blossom | 86.69 1a Zal 10.01 31,90 0 50 leo 
Petals Dropping 83.97 Ih We 12.47 By BY) 0 66 1.78 
Dough Stage .. 83 34 (eo 12 3 4.96 1 06 169 
Matures. ee 84.26 ey TN 83 4.75 eae) | 74 
Silaces a. ate 76 20 | 86 18.43 7.45 Lets 2,33 


the sunflower plant becomes less palatable as it grows older, and that 
the best results were obtained when the crop was cut not later than the 


full blossom stage. 


PALATABILITY OF SUNFLOWER SILAGE 


In a few cases, in all of the groups, some of the cows refused to 
eat all of the sunflower silage at the beginning of the trial. All the 
cows, however, after they had been fed the sunflower silage for sev- 
eral days, ate it satisfactorily. They did not, however, seem to relish 
it as much as they did the corn silage. 


There were no indications of ill health or digestive disarrange- 
ment from the feeding of sunflower silage. All the cows were in 
good health throughout the trials. ~The sunflower silage did not seem 
to be as laxative as the corn silage, but this was not noticeable to any 


great extent. 


SUMMARY 


The object of this investigation was to determine the relative 
feeding value of sunflower silage and of corn silage for the production 
of milk and butterfat, and for the maintenance of the weight of cows 
in milk. 


Twenty-eight cows were used in the three trials. They were 
fed sunflower silage and a basal ration for a 21 day period, and'corn 
silage plus a similar basal ration for another 21 day period.’ It was 


the plan, however, not to compare the*two groups but rather to com- 
pare ‘two féeding periods of ‘the same group using one: group as{ja 


“check against the other. °\'” ie atlas pate dmmiats 
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Under the conditions of the experiment, the cows when fed sun- 
flower silage produced 95.8 percent as much milk and 98.2 percent 
as much butterfat as they did when they were fed corn silage. In one 
trial, the cows when fed sunflower silage produced slightly more milk 
than they did when they were fed corn silage, but during the other 
two trials, the cows which were fed corn silage produced more milk. 
When the amounts of the silages fed were increased so that their ef- 
fects would be more pronounced, the advantage of corn silage was 
increased. 


The cows when fed sunflower silage maintained their weight al- 
most as well as they did when they were fed corn silage. 


Sunflower silage was slightly less palatable than corn silage, al- 
though most of the cows ate the sunflower silage very readily after 
they had become accustomed to it. Some of the cows, however, 
never did seem to relish it as well as they did corn silage. 


In West Virginia, where sufficient good silage corn can be grown, 
there is no advantage in growing sunflowers for silage. In sections 
where sufficient corn cannot be grown, either because of short seasons 
or limited tillable acreage, the sunflowers will make a satisfactory 
substitute. 
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A Study of the Hardiness of the Fruit 
Buds of the Peach’ 


Winter killing of the fruit buds of the peach in West Virginia is 
a serious limiting factor to an otherwise profitable crop. In some 
Sections a crop failure from this cause alone may occur as often as two 
or even three times in a five-year period. This problem has been given 
considerable study in the peach-growing regions of other states, and 
may be considered as separate and distinct from that of the injury to 
flowers and young fruits by spring frosts. In this investigation, in 
West Virginia, attention has been given to the following points: (a) the 
relative hardiness of the fruit buds of some of the more important 
varieties, (b) the stages of development in the fruit bud throughout 
the season, and (c) the influence of culture and fertilizers upon fruit- 
bud hardiness. These three phases of the subject will be taken up in 
the order named. 

The wood of the varieties under observation in this study was 
found to be injured less frequently than the fruit buds. During the 
winter of 1924-25 some wood injury occurred, but as far as observa- 
tions were made, only young or rapidly growing trees were affected. 
When winter conditions in this state kill all the fruit buds, there may 
also be some killing of the wood. It rarely happens in this latitude 
that the fruit buds prove to be hardier than the wood, although an 
instance of this condition was reported in Ohio by Thayer (1916). The 
fruit buds, therefore, may be regarded as a more sensitive index to 
hardiness than the wood. 


SOME EFFECTS OF WINTER CONDITIONS IN WEST VIRGINIA 


The problem of fruit-bud hardiness with the peach, Japanese plum, 
and sweet cherry is apparently more important in the latitude of West 
Virginia than it is farther north. This is because of the mild winters 
with frequent periods of warm weather. Figure 1 shows daily maxi- 
mum and minimum temperatures for the winter of 1921-1922. It will 
be seen in this figure that maximum temperatures were above 50° F. 
eight times and above 60° three times during December, January, and 
February. On February 25 the temperature was 75° I’. These warm 
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spells, if they occur toward the end of the rest period in early January 
and later, start buds into growth. This brings about a marked de- 
erease in their resistance to subsequent low temperatures. In the 
winter of 1924-1925 almost all fruit buds on the tender and semi-hardy 
varieties of peach in the Experiment Station Orchard were killed by a 
sudden drop in temperature to —9° F., following a period of warm 
weather in late January. In the northern peach sections of New York, 
Michigan, and Ontario, where warm periods seldom occur during 
winter, peach buds have withstood temperatures as low as —20° F. 
without injury. This extreme resistance, however, is only shown at 
the end of long cold periods. 


VARIETAL DIFFERENCES IN THE HARDINESS OF FRUIT BUDS 


It is generally recognized by peach growers that the fruit buds of 
some varieties are hardier than those of others. This condition has 
been given some study in West Virginia, and in this latitude significant 
differences were found when a survey was made of some of the more 
important varieties. 

In the spring of 1923 the condition of all of the fruit buds on two 
hundred nodes, each of some of the more important commercial 
varieties under test in the Experiment Station variety orchard, was 
studied. This classification was made at the pink stage, but before the 
winter-killed fruit buds had fallen. At this time the winter-killed 
fruit buds could easily be distinguished from those not killed, by 
differences in size. A study of Table 1 will show interesting differences 
in the effect of winter temperatures on the different varieties. 

While there was considerable killing in all of the varieties, some 
of them like Reeves, Nectar, and Bilmeyer Jost nearly all of their fruit 
buds from winter killing. The contrast between these and Belle, 
Burton, Greensboro, or Hiley, in the number of fruit buds or flowers 
surviving the winter, is noticeable. An interesting feature of the 
killing in this season was the large number of dead pistils in some 
varieties. This conditon appeared to be peculiar to this season, in 
view of the fact that only an occasional dead pistil could be found the 
following season. 

Death was apparently due to occurrence of low temperature after 
considerable growth had taken place. This indicates that the pistil 
is more susceptible to injury at certain stages of growth than are the 
other parts of the flower. When only the pistil is killed, bloom occurs 
in an apparently normal manner, but the flowers drop a few days after 
opening. Pistil injury was especially noticeable in Carman and Late 
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TABLE 1.—Fruit Bud Condition on Selected Commercial Varieties of Peach 
Following the Winter of 1922-1923. 


Total Number Parcent of Percent of Percent of 
Variety of Fruit Buds Winter-Killed Flowers with Flowers with 
on 200 Nodes Fruit Buds Dead Pistils Live Pistils 
Belle wan pis eben cet teens name tee en toate 301 25.6 8.0 66.4 
Bilmeyer sitet rete eran barista stor: 118 88.1 5.1 6.8 
Burtonesehie ee ate eee ne ccorcnenar 300 25.0 1.0 74.0 
Garman ser ctr Ciacpeetern cee nem teee ate real 242 6.2 34.7 59.1 
@hampronee eee rcs ere tere creer 151 65.5 4.6 29.9 
Crawiordtliatows...cce tn meen rato 155 0.0 84.5 1555 
Barly ll bertane. ci cra.te ae omen enicumaet abies ts 162 52.4 0.6 47.0 
Bilberta se wnt nprc ute acm pier dew aban eteeiererers 176 47.2 8.5 44.3 
Greensboro Genesee tisccce ie nies vin errecerr are 306 8.2 3.9 87.9 
DBS A nearness bao einai osu tae ice Pere 273 20.5 10.6 68.9 
AAD SUSIE Beis Ae a octet aa dienes mG Oas- Coe 137 1 68.6 0.7 30.7 
ING Ota rieurcon cory a eres etonieweus wera ren tie aay teen cu ar 59 84.7 Daa 10.2 
Recyes time ac ee errs as bi 100.0 0.0 0.0 
Rochester ic site eee eka rca 71 35.2 og 62.0 
SN Cdneneacn donee Gado aroobeddne ana oder 167 59.3 5.4 35.3 


Crawford. It will be seen, then, that at bloom, all the fruit buds pro- 
duced in the fall can be grouped into three categories as listed in 
Table 1. It is evident that the crop must be obtained from the flowers 
with live pistils. A similar classification in other years may show a 
marked difference in the grouping of the buds under the different 
headings of this table. 

The study of the relative hardiness of fruit buds on the terminal 
growths and on the shorter lateral growths on the interior of the tree 
discloses some interesting differences. The data on this point are 
summarized in Table 2. 

As before, the buds on 200 nodes were made the basis of com- 
parison. Fruit-bud production was relatively heavy the year that 
these counts were made, and marked differences were found between 
varieties. The varieties also varied considerably in the percentages of 
fruit buds killed. In Belle and Crawford, there was slightly less 
killing of buds on the inner lateral growths than of those on the outer 
terminal growths. Elberta, on the other hand, showed considerably 
more killing on the short lateral growths on the inner part of the tree. 
Rochester was in the same category, but not so pronounced. It is 
possible that, if larger numbers of fruit buds of these varieties had 
been counted, different results would have been obtained. 

In making these counts of killed buds, attention was not given to 
the relative hardiness of buds borne on the basal, median, and terminal 
parts of the longer outer growths. Observations, however, during the 
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TABLE 2.—The Relative Hardiness of Fruit Buds Borne on Short and Long 
Growths During the Season of 1923-1924. 


Spurs or Laterals Less Outside Terminal 
Than 34 Inches Growths 16 to 20 
in Length Inches Long 
| 
Number Number Percent Percent 
Number of Number of Fruit Buds |Fruit Buds 
Variety Number of Fruit Buds) Number of Fruit Buds Killed Killed 
Trees of Flowers Winter- of Flowers Winter- on on 
Nodes Alive Killed Nodes Alive Killed Short Terminals 
Growths 
1 200 107 51 200 65 106 32 62 
2 200 99 70 200 69 110 41 61 
Belle 3 200 168 99 200 93 122 37 57 
4 200 126 102 200 95 73 45 43 
1 100 24 81 200 14 128 77 90 
Late 2 200 pal 163 200 8 166 89 95 
Crawford 3 200 20 184 200 8 125 90 94 
4 200 29 ; 181 200 19 139 86 88 
i 200 37 142 200 44 31 79 41 
Elberta 2 200 44 146 200 16 19 77 54 
3 200 35 141 200 iz 20 80 54 
1 200 127 73 200 91 50 37 35 
18 59 51 33 
Rochest 2 200 110 114 200 1 
a 3 200 106 97 200 92 51 43 36 
4 


200 109 43 200 98 55 28 36 


winter of 1924-25 showed that the few buds still alive were either on 
‘‘spurs’’ or on the base of terminals. Chandler (1908) found that 
some of the hardiest buds on the tree were borne at the base of the 
terminal growths. It will be shown later that the buds in this posi- 
tion lag behind the others in development during winter and come 
into bloom more slowly in the spring. 

In the studies of the relative hardiness of some of the more im- 
portant varieties in the eastern and western parts of the state, the 
data in Table 3 were obtained. The records cover three years at 
Morgantown, two at Mason City and at Metz, but only one year at 
the other locations. Sixteen varieties in all are included in the table. 
Fruit buds were counted on from 200 to 700 nodes. 

The percentages of the fruit buds killed each year at Morgantown 
and at Metz were relatively large, although one-fourth of the fruit 
buds, or even fewer, would be ample for a full crop if all were to set 
fruit. When the percentage of fruit buds killed at Morgantown and 
at Metz during 1923-24 is compared by varieties with the fruit-bud 
killing at points east of the mountains, it is evident that there is much 
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less injury in the eastern counties. This is probably due to the more 
uniform temperatures that prevail there. 

The records of Belle and Elberta in the Smith orchard near Mar- 
tinsburg may appear exceptional, but the bud killing in this instance 
was determined from young trees which had grown until relatively 
late the previous season. There was but little difference between the 
percent of the fruit-bud killing in the Butts orchard, with young trees, 
and in the Woods and Fulton orchards, with older trees. The trees in 
the Experiment Station and Metz orchards were about seven years 
old in 1925, 

It is interesting to note the bud killing each year in Reeves as 
compared with some of the other varieties. Blake and Connors (1918) 
found that varieties hke Reeves, Early Crawford, Late Crawford, and 
Mountain Rose are much more susceptible to fruit-bud injury than 
Greensboro, Carman, and Belle. Elberta and J. H. Hale have also 
been injured extensively in the West Virginia Experiment Station 
orchard. There was a complete loss in a number of varieties in the 
same orchard in the winter of 1924-25. During the same winter, in the 
eastern part of the state, the killing of fruit buds appeared to be some- 
what variable, some orchards coming through the winter with rela- 
tively light injury, while others near by were severely injured. Spring 
frosts, however, soon after bloom, killed practically all the flowers 
remaining after the winter killing. 

The greater hardiness of the fruit buds of some varieties may have 
considerable significance when measured by yield. Chandler (1908) 
says that if only three to ten percent of the fruit buds were to set, 
there would be enough to produce a full crop of fruit. In 1906 he 
found that peach trees, with 90 percent of their fruit buds killed, set 
a good crop of fruit. Blake and Farley (1911) observed that experi- 
enced fruit growers are generally satisfied if one-half of the fruit buds 
survive the winter and early spring. It is evident, however, that with 
only a small percentage of the fruit buds surviving the winter or early 
spring low temperatures, a crop will depend very largely upon favor- 
able weather conditions at pollination time. 

In stressing the influence of regularity of bearing upon profitable 
peach growing, Odell (1924) writes regarding a test of twenty-five 
varieties, in which five to twenty trees of each were planted: “‘ Planted 
in 1916, these trees bore a fair crop in 1919, and heavy crops in 1920, 
1922, and 1924. Such hardy varieties as Carman, Greensboro, and 
Mayflower bore well in 1923, also doubled the production of other 
varieties in 1919, making five crops against three and one-half for 
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most of the others.’’? Differences in the relative hardiness of the fruit 
buds may, therefore, have a far-reaching influence upon fruit produc- 
tion. Unfortunately, however, when consideration is given to the 
selection of varieties on the basis of the hardiness of the winter bud, 
other factors must be taken into consideration. The outstanding fact 
of the peach situation is the dominance of Elberta, which is one of the 
tenderest varieties as measured by fruit-bud killing. Local conditions 
and market preference must determine whether it is safe to consider 
substituting other varieties, wholly or in part, for Elberta. 


GROWTH AND DEVELOPMENT OF FRUIT BUDS DURING 
DORMANT SEASON 


All of our deciduous fruit trees normally have an annual period 
when their tops do not grow perceptibly even if environmental con- 
ditions are favorable. This is commonly called the ‘‘rest period.’’ It 
comes on gradually soon after terminal buds are formed in late 
summer or early fall and continues until some time in winter, the 
length of the period depending on the kind of fruit. During December, 
in the case of the peach, the rest becomes less profound, and the fruit 
buds start growing if weather conditions are favorable. This gradual 
breaking of the rest period of Elberta, Rochester, and Belle for the 
season of 1921-22 is clearly shown in Table 4. 

Branches from three trees of each variety were taken to the 
greenhouse on the dates stated in the table and placed in water. The 
time elapsing before blossoms opened on these branches was used as 
an index of the condition of rest. All the varieties were coming out 
of the rest period by January 3, and as the season advanced all 
responded more rapidly to the favorable conditions of the greenhouse. 
No branches were taken to the greenhouse in the period between 
December 1 and January 3, consequently, the bloom tests do not show 
just when the break occurred. In the winter of 1922-23, branches 
brought in on December 12, bloomed January 9. Hodgson (1924) found 
that the rest period of the peach ended in California by January 9 to 
January 26. In Missouri, according to Howard (1910), the peach 
grew readily as early as January 8. Johnson (1923) reported similar 
results in Maryland. 

Table 4 also shows that Elberta seemed to have a shghtly shorter 
rest period than either Rochester or Belle. This corroborates the 
observations of Blake (1916), who says that in the winter of 1915-16 
there was a good set of fruit buds in one orchard, and that during 
January ‘‘a period of extremely warm weather started the buds to 
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TABLE 4.—The Break in the Rest Period as Indicated by Date of Bloom of 
Cut Branches Kept in Water in Greenhouse (1921-1922). 


Dates Cut Number 
Branches Dates Days Remarks 
Varieties Were Taken of Before 
to Greenhouse Bloom Bloom 
Hiberta....... Nov. 8 $ Fruit buds dried up. Leaf buds started by December. 
Rochester. .... Noy. 8 Frait buds dried up. Leaf buds started by December. 
Bele. cocos ac Nov. 8 Fruit buds dried up. Leaf buds started by December. 
Elberta....... Dee. 1 Fruit buds dried up. 
Rochester.... . Dee. 1 Fruit buds dried up. 
Belles ce. 2-1 Dee. 1 Fruit buds dried up. 
Hlberta....... Jan. 3 Jan, 20 17 Center and apical buds opened first. 
Rochester... . . | Jan. 3 Jan. 20 | Us Only a few buds opened, rest dried up. 
euler cacies Jan. 3 Jan. 20 17, Only a few buds opened, re=t dried up. 
Elberta....... | Jan. 19 Feb. 2 14 All buds opened. 
Rochester..... | Jan. 19 Feb. 8 20 All buds opened. 
Beles. eas | Jav.19 | Feb.8 | 20 All buds opened. 
Elberta....... | Feb. 9 Feb. 23 14 Winter killed buds on twigs; few opened. 
Rochester... . Feb. 9 | Feb. 23 | 14 Winter killed buds on twigs; few opened. 
130 Se eee, Feb. 9 Feb. 23 | 14 Winter killed buds on twigs; few opened. 
Elberta... .... Feb. 20 Mar. 2 10 Center and apical buds first. 
Rochester. .... Feb. 20 Mar. 2 10 Center and apical buds first. 
Beller? cake ac Feb. 20 Mar. 2 10 Center and apical buds first. 
| 
Elberta....... Mar. 3 Mar. 14° | il Center and apical buds first. 
Rochester... . . Mar. 3 Mar. 14-15 12 Center and apical buds first. 
Bellew... Mar. 3 Mar. 14-15 12 Center and apical buds first. 
Plberta....... Mar. 13 Mar. 20 1 Center and apical buds first. 
Rochester..... Mar. 13 Mar. 22 9 Center and apical buds first. 
Belles case cre Mar. 13 | Mar. 20-21 8 Center and apical buds first. 
Eiberta....... Mar. 25 Mar. 29 4 
Rochester..... Mar. 25 Mar. 29 4 
Belleion. Sete: Mar. 25 Mar. 29 4 


swell.’’ He also observed that the same season ‘‘gave further evidence 
that Elberta and other varieties of its group, such as Early Elberta 
and J. H. Hale, start into growth upon the occurrence of the first 
warm days of winter and are later injured by cold. On the other 
hand, varieties like Carman and Greensboro, which respond less 
quickly to periods of warm weather, escaped with slght loss.” 
Strausbaugh (1921) found in studying three varieties of plums that 
the one which would withstand the lowest temperature also had the 
longest and most profound rest period. Pojarkova (1924) found a 
similar correlation with species of Ribes, but not with those of Acer 
and Berberis. Strausbaugh also noted that during the rest period the 
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moisture content of the fruit buds of the semi-hardy plum varieties 
fluctuated with the temperature. In contrast the moisture content of 
a hardy variety, Assiniboine, remained fairly constant. Johnson 
(1923) found that moisture contents of buds of several varieties of 
peach were negatively correlated with bud hardiness. 


Undoubtedly, the extent and the degree of rest influence hardiness 
by delaying the response of the buds to temperatures that usually 
‘bring about growth. As has been shown, warm spells are of frequent 
occurrence during the winter months in West Virginia, particularly in 
the territory west of the Alleghenies. The peach, with its rest period 
soon over, responds to these favorable growing temperatures of mid- 
and late winter, and then, if the weather becomes very cold later, is 
injured. On the other hand, the apple, with a long, deep rest period, 
is not influenced so much by these temperatures. This is probably one 
of the causes for its remarkable bud hardiness during winter. 


POLLEN DEVELOPMENT 


Although outwardly no apparent growth takes place during the 
rest period, development within the fruit bud continues. Flower parts 
form and enlarge, and by the end of the rest period in January, most 
of them can be easily distinguished. The time that perceptible cell 
differentiation began in pollen and ovules following the rest period, 
and the extent of their development at successive dates during the 
dormant season, were taken as indices of the changes going on within 
the fruit bud. Considerable study was given to the differentiation 
and growth of the fruit buds during the winters of 1921-22 and 1922-23, 
Fruit buds were collected at intervals from trees of each of the three 
varieties, Elberta, Rochester, and Belle. Buds were selected separately 
as follows: (1) from short growths up to 3% inches in length from 
the inside of the tree, and (2) from long outside terminal growths, 12 
to 24 inches in length, or more. Buds prepared for study from the 
long branches were further classified into three lots—those from basal, 
median, and terminal positions on the branch. In the winter of 1922, 
collections of buds were also made from laterals on the long growths. 
The material was killed immediately in one percent chromo-acetic 
acid, imbedded in paraffin, sectioned, and stained in either Haiden- 
hain’s or Fleming’s Triple stain. 


The stages in the development of pollen at the different dates of 
collection are shown in Tables 5 to 9, inclusive: 
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TABLE 5.—Stages in Development of Pollen of “Elberta” During Winter of 1921-1922. 


DATES SAMPLES WERE TAKEN AND LOCATIONS OF BUDS STUDIED 


April 


HARDINESS OF 
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spng uvipe ‘s}ooys Gu07 
spng jeseg ‘s}ooyg fu0q 
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January 
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19 
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STAGES IN POLLEN GROWTH 


Resting pollensccscthiccicie ote sn res Noes 


Two nuclei, scant cytoplasm................ 
One nucleus, thick wall..................... 


Two nuclei, dense cytoplasm................ 


Mature pollens sence cea ere 


One mnucleussthiniwalle---o.n4. se ee eee 
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Reductlonidivisioneaneaecs seekers 
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Pollenanother-cell vate ee ee mee ee 


Early pollen mother-cell.................... 
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13 
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TABLE 6.—Stages in Development of Pollen of “Elberta” During Winter of 1922-1923. 


DATES SAMPLES WERE TAKEN AND LOCATIONS OF BUDS STUDIED 


March 


26 
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March 
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TABLE 7.—Stages in Development of Pollen of “Rochester” During Winter of 1921-1922. 


DATES SAVIPLES WERE TAKEN AND LOCATIONS OF BUDS STUDIED 


April 


HARDINESS OF 
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TABLE 8.—Stages in Development of Pollen of ‘Belle’ During Winter of 1921-1922. 


DATES SAMPLES WERE TAKEN AND LOCATIONS OF BUDS STUDIED 


April 
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STAGES IN POLLEN GROWTH 
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TABLE 9.—Stages in Development of Pollen of “Belle” During Winter of 1922-1923. 


DATES SAMPLES WERE TAKEN AND LOCATIONS OF BUDS STUDIED 
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Since some buds showed quite a range in degree of development 
of pollen, the most advanced stage, which is the one recorded, was 
determined for each flower bud. Development of pollen at the 
different dates was not so advanced as that observed by Drinkard 
(1909) in Virginia for the variety Luster. He found pollen mother- 
cells early in November, tetrad formation on December 19, and pollen 
grains on January 18. Farr (1920) also found a more advanced stage 
of pollen development, than that recorded in these studies, with a 
number of varieties growing at different places in West Virginia, 
Maryland, Virginia, and New Jersey. When pollen growth during 
the winter of 1921 is compared with growth during the winter of 1922, 
there are, in general, no marked differences to be observed. If, how- 
ever, collections had been made on the same dates each year, perhaps 
some differences would be shown. 

All varieties show a great range in pollen development, especially 
from February until April—(Tables 10 to 11). Thus on February 9, 
1922 (Table 10), two out of 30 buds of Elberta show pollen mother-cells 
in synapsis while four buds have liberated microspores. On January 
9, 1923, one Elberta bud had not yet formed archesporial cells (Table 
11). Drinkard (1909) found some pollen mother-cells still in the 
tetrad stage at the end of January, although in most buds pollen 
grains had been formed. The studies of Farr (1920) also show con- 
siderable range in development at the different dates that collections 
were made. At nearly every collection, Elberta buds showed a wider 
range in development than did buds of Belle and Rochester. This 
undoubtedly indicates a greater sensitivity to environmental factors, 
or, in other words, a less profound rest period. 

Both Table 10, for the winter of 1921, and Table 11, for the 
winter of 1922, show Elberta buds to be further advanced by early 
January than those of Belle or Rochester. Rochester buds seem to 
develop somewhat more slowly than do buds of Belle. Farr (1920) 
found that, during January, Elberta and Champion buds were the 
most advanced, with Belle buds the farthest behind and Carman buds 
intermediate. 

These studies also show the relation that exists between the stage 
of pollen development, and (a) the position of the bud upon the twig, 
and (b) the length of the twig (Tables 5 to 9). Differences in de- 
velopment in the pollen mother-cells became more pronounced during 
synapsis, in the early part of January. At this time the pollen from 
the majority of the terminal and median buds had forged ahead in 
development. Basal buds apparently did not catch up until the 
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pollen was near maturity. Pollen from most of the buds on the short 
inside “‘spurs’’ maintained a position intermediate between pollen from 
basal and median buds on the longer growths. Placing the buds from 
the different positions on the tree according to the average degree of 
pollen development during January and February, the following order 
is found: (1) the terminal buds on outside shoots 12 inches or 
more in length, (2) the median buds from the same shoots, (3) buds 
from short inside ‘‘spurs’’ up to six inches in length, and (4) basal 
buds from the long outside shoots. Since fruit-bud initiation is known 
to begin first on the basal portions of shoots, the rate of development 
of median and terminal buds must be faster in order that they be 
farther advanced by January. Farr (1920) says, ‘‘There is no rela- 
tion, apparently, between the position of the bud on the twig and its 
state of development.’’ He noted, however, that double and triple 
buds are not as far advanced as single buds, and that they generally 
are found near the proximal end of the twig. Roberts (1922) found 
that a similar relationship between the degree of development and the 
number of fruit buds borne at a single node held for the sour cherry. 
His studies also showed (1917) the ‘‘least total development of the 
blossom buds on the shortest growths, the greatest amount on the 
medium-length growths, and moderate development on the longest 
erowths.’’ On long terminal growths in the cherry, median buds 
were most developed, terminal buds least, and basal buds intermediate. 
The buds most advanced were also the least hardy. 

While pollen of basal buds seemed to be at the same stage of 
development at bloom as pollen of median and terminal buds, the buds 
themselves were not always at the same stage. In some seasons, par- 
ticularly early ones, terminal and median buds opened several days 
before basal buds. This was very noticeable in the early spring of 
1927 (See Figure 2). 


RELATIVE DEVELOPMENT OF POLLEN AND OVULE 


While attention was given primarily to pollen development as an 
index of growth during the winter months, because of the fact that 
whole flower buds were sectioned it was possible to determine also 
from time to time the changes in the ovule. In the flower buds of 
Elberta which were collected on November 8, 1921, there was no 
growth on the carpel wall to indicate the first stages of ovule forma- 
tion. At this time pollen from the same flowers was in the archesporial 
cell stage. The first outgrowths from the carpel wall were found on 
January third. By January 19 these occurred much more generally 
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and were much larger in some ovaries, but, as yet, the start of ovule 
development had not been made in some pistils. This variation in 
ovule growth is interesting in view of the stages reached in pollen 
development. Table 5 shows that pollen growth at this same date 
(January 19) had advanced considerably since the earlier collections. 

In the collections made on February 20, ovule development had 
gone still farther, but as yet no growing points for the integuments 
had appeared. It was not until March 3 that these were found at a 
time when the pollen grains from the same flowers had been liberated 
from the tetrad wall (Table 5). By. March 138, both integuments were 
present in some ovules, but they were not closed sufficiently to form 
the funiculus. Growth was relatively rapid between March 13 and 25. 
At the latter date the integuments were nearly closed in some in- 
stances, and there was a pronounced growth in the ovule, generally. 
Megaspore mother-cells were not found in the collections made on 
April 4, just as the flowers were opening. At this time the pollen 
grains were in a resting condition. The embryo sac, then, is not 
formed until after the first flowers open. It will be seen from the 
foregoing, therefore, that owing to the nature of the growth stages, 
pollen can be used as an index of winter growth to better advantage 
than the ovule because of the relatively later formation of the latter. 


INFLUENCE OF CULTURE AND FERTILIZATION ON FRUIT- 
BUD HARDINESS 


Relatively little attention has been given by investigators to the 
factors affecting the hardiness of the fruit bud, especially those that 
can be modified by the grower. The factors affecting wood hardiness 
have been studied much more extensively. Chandler (1907) as a 
result of his investigations believes that fruit-bud hardiness can be 
increased by inducing late growth and a tardiness in both entering and 
coming out of the rest period. As a result, the buds do not respond 
so quickly to spells of warm weather in January and February. Late 
erowth can be brought about by pruning, fertilization, or cultivation. 
He found that thinning the previous crop tended to increase the 
hardiness of the flower buds. Garcia and Rigney (1914) found greater 
bud killing in the irrigated alfalfa sod part of a peach orchard than 
in the cultivated portion. On the other hand, Crane (1924) in peach 
fertilizer work in West Virginia found markedly greater killing of 
fruit buds on nitrated trees than on those not receiving it. Late 
applications of nitrate of soda killed a still higher percentage of fruit 
buds. The total number of live buds, however, on the nitrated trees 


December, 1927) HARDINESS OF PEACH Bups 


if 


2-Terminal and median buds opening before basal ones. 
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was greater than on the checks because more buds were produced 
per shoot. ; 

In view of these somewhat contradictory results further investi- 
gations were needed to determine the effect of culture on the extent 
of the rest period and also upon the internal differentiation and growth 
of the fruit bud. Kirby (1918) found that on spurs of the Jonathan 
and Grimes apples, fruit-bud initiation occurs first on trees in sod. 
- He also found that fruit buds from trees in sod continued to be ina 
more advanced stage of development throughout the dormant season 
than did those from trees under cultivation. 

It would seem, therefore, from the foregoing findings, that there 
is also a possibility of influencing the rate of fruit-bud development 
in the peach and thereby its hardiness by different cultural practices. 
Accordingly, in the spring and summer of 1924, some tests were made 
in the Variety Orchard on the Experiment Station Farm at Morgan- 
town to determine the effect of applying nitrate of soda, at different 
times during the growing season, upon the hardiness of the fruit buds 
the following winter. The trees were eight years old and in good 
condition, although making a short terminal growth at the time the 
experiment was started. The pruning and culture were uniform on 
all trees under test. Again, 200 nodes were used as the basis for com- 
parison, and were taken from one tree under each treatment. The 
winter of 1924-25 was so severe that fruit buds of only the hardiest 
varieties survived. It is during such conditions, however, that a 
treatment must be effective, if it is to have commercial value. 

The data in Table 12, while not conclusive, are suggestive. The 
nitrated trees of Rochester and Salwey had noticeably fewer dead 
fruit buds than the checks. The earlier applications showed the same 
tendency in Belle, Bilmeyer, and Elberta, while with Champion there 
seemed to be no difference between the check and nitrated trees. 
During the winter of 1923-24, Carman and Waddell trees in sod had a 
noticeably greater percentage of their fruit buds killed than adjoining 
trees under cultivation. Comparison can be made between the fruit- 
bud killing in the varieties included in Table 3 with those of Table 12. 
The earher applications of nitrate of soda appeared to induce slightly 
greater hardiness in the fruit buds. 


Other seasons with less killing might show greater differences 
between the treatments than a season hke 1924-25, the severity of 


which was near the limits of temperature endurance for fruit buds of 
the peach. 
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TABLE 12.—Fffect of Fertilization with Nitrate of Soda on Fruit-Bud Killing 


(1924-1925) in the Variety Orchard at Morgantown. 


| 


Times Amounts Percentages 
Varieties of Applied of Remarks 
Application in Pounds Buds Alive 

EPEXn canes ten nee - April 23 4 0 Tree in bloom at time of application. 
PDOX rn kere iare July 15 4 less than 1 Occasional live bud on short growths. 
ANCE oc auna eso bios Check less than 1 Occasional live bud on short growths. 
Bellenreencawnne ok April 23 4 2 Occasional live bud on short growths. 
Batley ao. tee July 15 4 1 Occasional live bud on short growths. 
elieines tsa acce Check 2 Occasional live bud on short growths. 
Champion........ April 23 4 ll 
Champion........ July 15 4 i 
Champion........ Check 12 
Late Crawford....| April 23-July 15 3 0 
Late Crawford....} April 23 4 0 
Late Crawford....}| Check 0 
Early Elberta. .... April 23 4 0 
Early Elberta. .... Sept. 10 4 0 
Early Elberta..... Check 0 
Bilmeyer......... April 23 4 2 Occasional live bud on short growths. 
Bilmeyer......... July 15 4 less than 1 Occasional live bud on short growths. 
‘Bilmeyer. ......... Check less than 1 Occasional live bud on short growths. 
Wibertasssccoc ws. April 23 4 2 Occasional live bud on short growths. 
GDH ov yo er oat July 15 4 | less than 1 Occasional live bud on short growths. 
Hilbertacss See sc5 Check less than 1 Occasional live bud on short growths. 
IRGOVCR ete ees Apr. 23, July 15 

Sept. 10 3 0 
TRECVER oe oiee 05s Sept. 10 4 0 
Reeves nite sane ss Check 0 
Rochester......... April 23 4 22 Nitrated trees have noticeably more live buds. 
Rochester......... Sept. 10 4 29 
Rochester......... Check 6 
AL WOU retailers Apr. 23,July 15 3 9 
WAEWEY wreletiecss.sie'< Sept. 10 4 4 
Alweyeeta:eee Check less than 1 Few alive on short growths. 

SUMMARY 


The winters of West Virginia are characterized by periods of 
moderately high temperatures which cause considerable bud growth 
When these high temperature periods are followed by 
sudden cold spells, especially toward late winter, conditions occur 


in the peach. 


which favor bud killing. 


The different peach varieties varied greatly in the hardiness of 


the fruit buds. 


Elberta and J. H. Hale were among the tenderest 


varieties, although not so much so as Reeves, the least hardy of all 


the varieties under observation. 


Greensboro was one of the hardiest 


varieties and with some of the others, like Carman and Mayflower, 
came through the winter of 1924-25 with some live buds. 
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Fruit-bud killing was not so extensive in the eastern part of the 
state as in the western part during the winters that this problem was 
studied. A crop loss may occur either east or west of the mountains 
from the killing of the fruit buds during the winter. 

There was considerable variation in the way in which the different 
varieties may be affected by winter temperatures. The killing of the 

flower buds or the killing of the young pistils may eliminate a large 
' proportion of the buds as far as setting is concerned. The killing of 
pistils, as in Late Crawford, was more extensive in 1921-22 than during 
any of the other years in which these varieties were studied. 

Pollen development increased in rate early in December. Anther 
changes afforded a more sensitive index to growth than blooming tests, 
although the latter showed the approximate time of the break in the 
rest period. 

These studies covering two seasons showed that the rest period 
ends earlier in Elberta than in Belle or Rochester. This condition 
favors a greater growth response in Elberta during the warmer 
periods of January and February than in Belle and Rochester. There 
was much variation in the stages of pollen development found at a 
given date and likewise a given stage was found for some time later. 

There was considerable variation in the degree of development of 
the fruit buds on different parts of the tree by mid-winter, as measured 
by degree of pollen differentiation. Generally speaking, buds on the 
bases of the terminal twigs were latest in development, buds on the 
middle of the twigs next, and the terminal buds farthest advanced. 
The fruit buds borne on the short spurs or branches on the interior 
of the tree were on the average slightly ahead of the basal buds on 
the outside terminals. The indications are that the buds farthest 
advanced were the least hardy, although there is seemingly some 
evidence against this in Table 2. 

Ovule development was noticeable at a much later date than that 
of pollen. The first stages of ovule formation were indicated by 
growing points on the ecarpel wall on January 3. Differentiation of 
integuments was noticed on March 3. Megaspore mother cells were 
not found in collections made on April 4, just as flowers were opening. 
The embryo sac, then, is not formed until after the first flowers open. 

Nitrate applications were made in an attempt to influence bud 
hardiness. The results indicated a slight increase in hardiness on trees 
making but a short terminal growth. 
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Adjusting Agricultural Production and Dis- 
tribution in the Clarksburg Area to 
Meet .Home Market Demands 


This report is the second in a series of studies of consumption 
of farm products in the larger cities of West Virginia, and of pro- 
duction of such products in the agricultural sections adjacent to 
these cities. The first study of the series was of Charleston and its 
trade area, the report of which was published as West Virginia 
Agricultural Experiment Station Bulletin No. 188. 

This bulletin, the second of the series, is the report of a study 
of food consumption in Clarksburg and its trade area and of farm 
production in Harrison County. The study was made in the summer 
of 1925. In its more important features, this study is comparable 
with the one of Charleston. 

The Federal Bureau of Agricultural Economics cooperated in 
the first study, furnishing two members of its staff to assist in the 
work; this one was made entirely by staff members of the West 
Virginia Agricultural Experiment Station and Extension Division. 


Purpose of the Study 


Agriculture is continually facing periods of readjustment as 
population increases and industry grows. During the past ten years 
a need for readjustment in agriculture in some sections of the state 
has been felt keenly by farmers and agricultural leaders in West 
Virginia. The need for such adjustment has been intesified in Har- 
rison and neighboring counties because of the general agricultural 
situation following the World War, because of the increase of popu- 
lation of cities in this part of West Virginia, because of the great 
increase in mileage of improved roads in this section, and because of 
the farmers’ increasing need for money. 

Economic adjustments will eventually work themselves out but, 
with an understanding of the forces at work as a basis of guiding 
adjustments, much loss of time, effort, and often wealth may be 
avoided. This study is an attempt to find out some of the economic 
facts about agriculture in the Clarksburg section and to interpret 
them with a view to bringing about readjustments with a minimum 
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loss to the agricultural and industrial interests of this section. 


A Background for the Agricultural Situation in the Clarksburg Area 


The early years of farming in Harrison County, as well as in 
the state and nation generally, formed a period of self-sufficing agri- 
‘culture; that is, each farm produced what its farm family consumed, 
and consumed for the most part what it produced. 

The farmer was not concerned with a market because he did 
not need to buy and had little to sell. His motive in farming was 
to produce food and clothing materials for his family. He was, there- 
fore, guided in his production by the needs of his family, and to some 
extent by climatic and soil conditions. His welfare depended en- 
tirely upon the quantity of production on his own farm. He was 
not especially interested in articles for sale because he had only a 
limited need for money. 

But along with industrial development has come a great need 
for money as a medium of exchange, and this has forced farming 
‘ to become more or less of a commercial enterprise. To get the most 
money from farming means the economic production of those com- 
modities which will sell for the most money. After due considera- 
tion of economic production the market demand is the chief guide as 
to what commodity and the quantity of it to produce. 

Throughout the country agriculture is coming more and more 
to look to consumer demand as its guide for production, although 
it is surprising how little removed from the self-sufficing guide 
agriculture is in Harrison and similar industrial counties in West 
Virginia. There is, however, a very definite reason for this. 

While agriculture in this section was in the beginning stages 
of transition from the self-sufficing to the commercial type, there 
came a great and rapid development of the coal, oil, and gas in- 
dustries. Options amounting to from one to several dollars per 
acre were taken on much of the farm land in several counties. 
Royalties from oil and gas were received by many farmers, and the 
outright sale of coal lands gave others additional money. All in 
all, numbers of farmers found themselves with more money than 
they had ever had before. At that time, the need for money 
was, as compared with the present, not great. The farmer still 
produced a major portion of the commodities which his family de- 
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manded; taxes were not especially burdensome; there was _ little 
travel and hence little money outlay for transportation. 

The money which the farmer received from mineral rights car- 
ried him through a period during which agriculture in other sections 
was becoming commercialized. During this period he came to utilize 
his land in a way most pleasing to himself without regard to the 
greatest money returns that were possible. 


Within recent years, however, a different situation has arisen 
which calls for a readjustment in production. This situation has 
come from the increased needs of the farmers for money, accompanied 
by a decreasing return to them from mineral rights and a progressive 
exhaustion of money received from the sale of coal and timber. The 
farmers still produce much of their own food, but the demands for 
money have increased enormously because taxes have increased; 
modern transportation calls for additional money; and the farmers. 
produce less and less of the things which modern life demands. 
With the advent of good roads much trade from the country and 
village store has gone to the city. In the village, produce could be 
exchanged for other desired commodities, but in the city, for the 
most part, it must be sold at one place and the commodities bought 
at another place. Barter has practically passed from the farmers’ 
method of exchange. His need is for money and this brings him face 
to face with market demands. In order to get money for a com- 
modity it must be something which people want, and the greater 
the desire for the commodity the more money the consumer will 
pay for it. 

This study, then, was to ascertain the demands of the Clarks- 
burg markets for certain commodities to use as a guide for produc- 
tion in Harrison and nearby counties. Resources at hand did not 
permit an exhaustive analysis of the economy of production of all 
the commodities considered in the market. In this report no pre- 
tense is made of giving the last word in the economy of production of 
any commodity considered. 

As a general rule as population increases in a given locality, 
farming gradually changes to a more intensive type. But very often 
the cost of farm labor, due to high industrial wages in the territory, 
is out of proportion to the value of the land and agriculture remains. 
more or less extensive. The high farm labor cost in the Clarksburg 
area is a very important factor in determining the type of farming 
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and should be reckoned with, even though other conditions are 
favorable for intensive farming. 


The consuming population has been on the increase in Harrison 
County for a number of years with a resulting greater demand for 
feod products. 


POPULATION OF CLARKSBURG AND HARRISON 
COUNTY 


The population of Clarksburg, according to the federal census 
was 27,869 in 1920 and in 1910 it was 9,210. The population increase 
in the ten year period was 18,659 but this is by no means all true 
increase. The corporate limits of the city were extended between 


1910 and 1920 to take in two important suburbs. The increase in 
population is better shown by statistics for Harrison County in 


which Clarksburg is located. The population of the county was 
27,690 in 1900; 48,381 in 1910; and 74,793 in 1920. Thus 
it may be seen that there has been a constant and quite rapid increase 
in population in the county during the past twenty years. Nearly 
half, or 41.2 per cent, of the population of the county was enumerated 
as urban in 1920. In reality the urban population made up a much 
larger percentage of the total than indicated, because the inhabitants 
ot many mining villages were enumerated as rural, when, in fact, 
very few of them were in any way connected with agricultural pro- 
duction. From the standpoint of production and consumption of farm 
products they are in the same position as urban dwellers. 


The desity of population for Harrison County in 1920 was 179.8 
persons per square mile, while for the state as a whole it was 60.9 
and for the United States it was 35.5. It is apparent then that in 
comparison with average conditions of population density, Harrison 
county has reached the point where intensive rather than extensive 
farming might well be practiced by many of its farmers. The same 
might well be said for adjacent territory. 

If five persons constitute a family, there were approximately 
15,000 families in the county. From census data it is estimated 
chat the average farm in the United States will provide agricultural 
commodities sufficient for four families. There were 2,271 farms in 
Harrison County, and if they produced as much as the average 
farm for the United States, they would not feed more than about 
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half of the population of the county. The average farm in Harrison 
County, however, is not so large in either acreage or production as 
the average farm for the United States and as may be seen later 
in this report, the farms of the county actually supply much less 
than half of the food consumed in the area. 


CLARKSBURG TRADE AREA 


In the Charleston study, it was possible to define the trade 
territory more or less accurately; but for Clarksburg there is so 
much overlapping of trade territory with Parkersburg, Fairmont, 
Grafton, and Weston that it seemed unwise, in a study of this scope, 
t. attempt to outline a trade territory. But no matter where the 
commodities are consumed, as long as they are distributed from 
Clarksburg, the quantity so distributed may be considered as the 
demand of this market. 

The part of this study dealing with agricultural production was 
confined to Harrison County farms, but the data should be of value 
as a guide to production in neighboring counties, which normally 
use Clarksburg as a market. 


AGRICULTURE IN HARRISON COUNTY 


The following data for Harrison County have been adapted from 
the 1920 Census of the United States and are placed here for con- 
venient reference. 


Land area, 266,240 acres. 

Land in farms, 232,981 acres. 

Per cent of land area in farms, 87.5. 

Per cent of farm land improved, 86.3. 

Number of farms, 2,271. 

Average acreage per farm, 102.06 acres. 

Average acreage of improved land per farm, 88.5 acres. 
Value of all crops, $2,292,904. 

Value of livestock, $1,830,941. 

Value of livestock products, $849,749. 

Cereals, 14,450 acres. 

Hay and forage, 26,214 acres. 

Vegetables, 640 acres. 

Miscellaneous crops, 5 acres. 

Small fruits, 98 acres. 

Number of fruit trees, bearing, 175,925; not bearing, 63,902. 
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A total of 41,407 acres in Harrison County was devoted to 
cultivated crops and hay. This is only 17.9 per cent of the land 
in farms in the county. It is thus apparent from census data as well 
as from observation that there is comparatively little of the land 
under cultivation. Much of the land is rugged, a considerable acre- 
age, however, is gently rolling. It is difficult for one, unfamiliar 
with each individual farm, to estimate how much the crop land 
could be increased or whether it would be advisable to increase it 
st all. Each individual farmer must decide for himself what land he 
will crop and what crops he will grow. The purpose of this study 
is not to attempt to find data that would lead one to say that farmers 
generally should devote a certain acreage to a certain crop; but 
it is merely to present to the farmers the market demands. 

The large area of bluegrass pasture is the basis of the livestock 
industry in the county. Fat cattle and lambs are sold off pasture 
in the summer and fall; grain fattening is not a common practice. 

Dairy farming appears to be on the increase and there are 
a few farmers who devote their major efforts to truck and market 
gardening. Poultry and egg production have also become quite im- 
portant sources of income. 


RAILWAYS AND HIGHWAYS 


Clarksburg is located on the main line of the Baltimore and 
Ohio Railroad. Branch lines of this railroad radiate in all directions. 
The West Virginia Short Line operates to Wheeling and points 
west; the West Virginia and Pittsburg branch to Richwood, Charles- 
ton, and points south; and the Monongahela Railroad branch gives 
direct connections to Pittsburgh and the north and west. The 
Monongahela West Penn Public Service Company also operates 
a passenger and package freight service over sixty-five miles of 
interurban lines, serving Fairmont, Weston, and intermediate points, 
with its principal terminal at Clarksburg. Farmers do not, how- 
ever, make much use of freight facilities offered by this traction 
line in the marketing of their products. 

The county has a fairly adequate system of highways. Improv- 
ed roads extend in all directions from Clarksburg and traverse the 
better agricultural sections. No farmer has a great distance to travel 
before reaching a hard surfaced road. There are gaps and cross 
roads which need to be constructed or improved before good roads 
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are available to all farmers, but this county has made more progress 
than the average county of the state with its highways. The prob- 
lem of getting to market is a comparatively easy one for most 
Harrison County farmers. 


NEARNESS TO MARKET GIVES HARRISON COUNTY 
FARMERS AN ADVANTAGE 


Transportation costs are a very considerable item in the price 
of food commodities. Distance from market determines transporta- 
tion costs, and in general such costs increase with the distance over 
which commodities must be transported but not in proportion to this 
distance. Harrison County farmers and the farmers of nearby 
counties have a home market for practically all their produce. They 
necessarily have some transportation costs, but they are not nearly 
so high as those of competing sections farther away from Clarks- 
burg. 

The total freight bill for the year of this study (June 1, 1924 to 
May 31, 1925) on commodities included in this study was approxi- 
mately $383,000. Practically all of this could be saved to the farm- 
ers if they could grow the products at home. It is necessary that 
the competitors haul the commodities to the railroad and load them 
on the cars and one may reasonably assume that it costs them some- 
where near as much to do this as it would cost a Harrison County 
farmer to transport his product to Clarksburg. 

This bill for transportation does not include money paid out 
for express and parcel-post, which amounts to a considerable sum. 
It was not possible to get express charges because express way- 
bills are sent daily to Baltimore and there were no facilities avail- 
able to collect this data. Neither was it possible to get charges on 
the parcels post receipts. If these could have been added the total 
transportation charges would have shown considerable increases. 

Too often it is assumed that the whole of such a transportation 
bill could be saved to local farmers. Only a part of it can be saved 
economically for them, however, because there are certain seasons 
of the year when the added cost of producing each of these commodi- 
ties would be far more than the saving in transportation, and quite 
often other sections of the country can grow and deliver a commodity 
in Clarksburg at less cost than the nearby farmer. So the nearness 
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to market is an advantage that may be offset by other disadvantages. 
Before producing any crop, the farmer should figure carefully 
whether it will increase his net returns from farming, rather than 
whether he can produce it as cheaply as it can be produced in some 


other section. 


FREIGHT RECEIPTS OF SPECIFIED COMMODITIES AND 
THE PRODUCTION OF THESE COMMODITIES 
IN HARRISON COUNTY 


The commodities included in this study were potatoes, cabbage, 
onions, lettuce, tomatoes, beans, corn, melons, miscellaneous vege- 
tables, apples, eggs, meats, milk, hay, mixed feeds, flour, corn, and 
oats. 

Each of the above commodities was being produced or may be 
produced in Harrison County or in other counties situated conven- 
iently to the Clarksburg market. Market demand is judged by the 
quantity of the receipts, and while the quantity consumed will vary 
somewhat from year to year according to supply as reflected in price, 
yet the market demand, as long as the population does not decrease, 
will remain about the same. With an increasing population, however, 
there should be an increasing demand for food stuffs, so the demands 
will not likely fall below the quantity here shown. 

The freight receipts are a summary from actual freight records 
for a twelve months period beginning June 1, 1924, and ending May 
31, 1925. . Both carlot and less-than-car-lot receipts were included. 
The bulk of the food commodities was transported by freight, but 
smaller quantities also came into Clarksburg by express and parcel- 
post. It was impossible to get actual records of receipts of the 
above mentioned commodities from Clarksburg express and post 
office therefore such receipts are not considered. 


Estimates of the quantities of the various commodities sold from 
the farms of Harrison County are based on a canvass of 241 farms 
comprising 15 per cent of the farm land of the county. The record 
of the commodities shipped out of the county were taken from freight 
records and in the case of express, on estimates of the agents, of the 
various express offices of the county. 
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Potatoes 


The records showed the receipt of 10,187,934 pounds or 169,799 
bushels of potatoes by freight during the twelve months period in- 
cluded in the study. The potatoes were received by wholesalers,. 
retailers, and some few, for the most part locally grown, were billed 
direct to the consumer. Of the total quantity referred to above, 
only 833, 348 pounds or 13,000 bushels were grown in West Virginia. 
Thus West Virginia supplied but 8 per cent of the potatoes which. 
were received by freight in the Clarksburg market. 


Potato Production Is Increasing in the Clarksburg Area. 


From the records secured from 15 per cent of the farm acreage 
of Harrison County, it is estimated that 19,000 bushels of potatoes 
were sold from the farms of Harrison County. Not all of these were 
sold in Clarksburg, however. Many of them went to smaller towns 
and mining villages in the county. But if one supposes that all of 
these were sold on the Clarksburg market, even then West Virginia 
would have supplied only 17 per cent of the potatoes which reached 
the Clarksburg market. This estimate, however, does not take into. 
account any potatoes which might have been received by freight in 
the smaller towns of the county but which did not pass through 


Clarksburg wholesale houses. ie 
The chief thing of interest in this connection is that, at most,. 
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tess than one-fifth of the potatoes marketed in Clarksburg were 
grown in West Virginia. It would appear that there is an oppor- 
tunity to increase production about five times before outside markets 
svould need to be sought. In order to supply the market the year- 
‘round it would be necessary to provide storage but because of limited 
‘-supply it is doubtful whether storage would be profitable for the 
‘individual grower. The bulk of West Virginia potatoes is marketed 
directly after they are harvested and thus all storage costs are 
eliminated. In a normal season they come on the market as the 
southern crop is about exhausted and before the western and north- 
ern crop arrive in large quantities. A monthly summary of potato 
receipts showing the state in which the shipment originated, the 
quantity in pounds and the freight charges will give a better idea 
‘of the extent to which production may be expanded. 
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TABLE 2.—Receipts of Potatoes In Clarksburg by States, Ranked 
According to Quantity, June 1924 to May 1925, In- 


clusive. 

State Pounds Received 
ING Wit VO greene ee ee ne rete ae 2 ore wet I ge Ne ee gees 3,729,020 
AVslin clini ae ee er PE eee es te OS ee Ne 1,780,846 
MINMEHO haps ee ens te a een eee ee Eee eS 1,359,000 
WQS Cie VE le gmt ees ee Oar k eer tr Pees Ae ER 833,348 
SOUCH I CATION Queene ew eee we Cos en sues: Nl. ERE Se Sek 458,230 
NELCH Ta poms © ea eral eat oe eee en Shae ibs MOR TS Oe 444,200 
AVVIES CO DSU ame = wenn te eet ee a A OR a ae 420,740 
IN CW ORG 6 ya eee ee Soe eee Ce eee Se ne 341,713 
We Keser a as 0S en I Si eg a oe ae ee Ce a ear 298,145 
DE BTR ETOW Be kgs RP haope Salle i ead Se ea ae Baa eel dae Se RE ee 285,945 
PROT Shy vicitiics eee ener ee aC Re te ad ee Se ei 86,615 
UVES) ee eee ane PPE Beer Sead Ue So fe en tt ge es et te 83,050 
CS) Tet eee ee ee ee ees 37,002 
ECO GE Cy ape eet ae entre See EE Se aE Be Bee 30,000 


There were three other states which supplied more potatoes to 
this market than did West Virginia. The rank of the states will 
change from year to year according to the yield and price, but West 
Virginia probably has never ranked higher than at this time. 

From Table 1 it may be seen that the bulk of the West Virginia 
potato crop went on the market in August, September, October, and 
November, with October and August being the leading months. 
There were a few bushels which went on the market in each of ten 
months while there were none in two months, January and May. 
The deliveries, except in the four months of heavy delivery, were for 
the most part in small quantities, usually in less-than-car-lots, and 
quite often they were billed direct to the consumer. 

For the present the production program may well be based on 
the demands of the four months period over which West Virginia 
farmers market their potatoes. This will require no changing to 
earlier varieties or storage. 

During August, September, October, and November, the West 
Virginia market period, 3,833,359 pounds of potatoes were received 
in Clarksburg. West Virginia supplied 763,133 pounds or approxi- 
mately 20 per cent of these. This would indicate, taking production 
conditions as they are, that the production might be increased five 
fold before there would be an over-supply of the market. In any 
case local production must meet out-of-state competition during these 
months and this competition would not be much stronger if nearly 
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enough potatoes were produced locally to supply the market de- 
mands. 

There might be some advantage in growing potatoes which 
would come on the market earlier but it would seem unwise to recom- 
mend storage as a general practice, when so many more potatoes 
_ than are now being grown can be marketed without storage. 

A further analysis of each of the four months included above 
should be of value in planning the time to put the crop on the 
market. 

During August 468,695 pounds of potatoes were received on the 
market, of which quantity West Virginia supplied 180,200 or 38 
per cent. The production for local marketing during this month 
could not stand an increase of more than two and one-half fold. 
The competing states are Virginia and Maryland. This is getting 
near the end of Virginia’s Eastern Shore product and it is claimed 
by some Clarksburg merchants that West Virginia potatoes are of 
higher quality at this time, than the Eastern Shore product. 

The receipts for September totaled 773,358 pounds, of which 
West Virginia supplied 90,830 pounds or 11 per cent. There is an 
opportunity to increase production for local marketing nine fold dur- 
ing this month. The competing states were Virginia, New Jersey, 
Michigan, and Ohio. 

For October the receipts were 1,719,026 pounds of which West 
Virginia supplied 425,090 pounds, or nearly 25 per cent. This in- 
dicates a chance for a four fold increase for the local market. October 
was the month of heaviest delivery of the West Virginia crop. The 
strongest competitor during this month was Minnesota, which sup- 
plied more than twice as many potatoes as came on the Clarksburg 
market from West Virginia. The average freight charge on the 
Minnesota potatoes was 56 cents per hundred pounds, while the 
average charge on the West Virginia product was 25 cents per 
hundred pounds. West Virginia has an advantage in location over 
its strongest competitor, Minnesota, amounting to 31 cents per 
hundred pounds. 

For November the total receipts were 872,280 pounds. West 
Virginia supplied 7 per cent of this total. The West Virginia pota- 
toes were marketed during the first part of the month and were 
really a part of the heavy delivery of October. The largest com- 
petitor during this month was New York, which suppiled more than 
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eight times as many potatoes as were marketed from West Virginia. 

The average freight charge for all potatoes from West Virginia 
during this four months period of heavy local delivery including both 
those marketed in car-lots and those marketed in less-than-car-lots 
was 24 cents per hundred pounds. The freight charges for all other 
potatoes arriving on the Clarksburg market averaged 46 cents per 
hundred pounds. This gives an advantage of 22 cents per hundred 
pounds for West Virginia potatoes over the average for all com- 
petitors because of nearness to market. 

The average freight charge for all potatoes received from West 
Virginia over the twelve months period studied was 24.5 cents per 
hundred pounds, while for all other potatoes it was 42 cents. On 
the basis then of yearly receipts West Virginia has an advantage of 
17.5 cents per hundred pounds because of location. 

From the standpoint of demand there is clearly an opportunity 
for increasing local potato production. It is then a question for each 
individual farmer to decide whether he can successfully compete in 
potato production. The following cost of production data are the 
most accurate available and may serve as a guide. 

Studies of cost of production of potatoes in two sections of 
West Virginia were made in 1914 and 1920. The following quota- 
tion is taken from West Virginia Agricultural Experiment Station 
Bulletin 187, which is a report of these studies: 

“Tn 1922 in Brooke County potatoes yielded 90.4 bushels per 
acre and were worth $113.00. The cost of production was $82.24 per 
acre leaving a net return of $30.76 per acre or $2.63 per man day. In 
Preston County in 1922 the yield of potatoes was 162.7 bushels valued 
at $144.80. The cost of production was $77.84, leaving a net return 
per acre of $66.96 or $5.78 per man day. Several sections of West 
Virginia are very well adapted to the production of potatoes. Lack 
of satisfactory method of marketing the crop has been the chief 
reason for not growing more potatoes.” 

In comparison with the foregoing costs of production of pota- 
toes in West Virginia the following data on cost of potato pro- 
duction are adapted from Table 14 of Department Circular 340 of 
the United States Department of Agriculture in which in presented 
the cost of producing certain field crops in 1923. 
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Cost of Producing Potatoes in 1923. 


| Yield per Net Cost Value 
Geographical Acre Net Cost | per | Value per 

Division (Bushels)| per Acre Bushel | per Acre | Bushel 
Northeastern —_--- 170 | $105.50 $ 0.62 $172.34 | $ 1.02 
ASter aes 116 80.46 0.69 131.94 | 1.15 
Southeastern _--__ 97 75.66 0.78 161.89 | 1.64 
COeimpeNl one nee | 101 52.48 0.52 80.12 | 81 
North Central} --| 116 51.34 0.44 52.76 | AT 
West So. Central | 82 54.76 0.67 103229 1.32 
Wiesterm see ae === | 149 68.83 0.46 Sc Oa 70 


*Maryland, Virginia, West Virginia, North Carolina, Kentucky, Tennessee. 
+Michigan, Wisconsin, Minnesota, North Dakota, South Dakota. 


The yield in Preston County was higher and the cost of produc- 
tion lower per acre as shown in the quotation than the average 
for the Eastern states. These data are not quite comparable because 
the West Virginia study was made in 1922 and the study by the 
Department of Agriculture in 1923. The data are not necessarily 
applicable to Harrison and adjacent counties but they indicate that 
where there is a good yield and transportation charges are considered, 
this section of the state can compete very well with the North 
Central group of states. 


Since the study referred to and reported in bulletin 187 of this 
Station was made, there has been a big improvement in the marketing 
of potatoes in West Virginia. The West Virginia Potato Growers 
Cooperative Association has been very successful in the operation 
of its “Potato Pool” for the past three years, and one of its greatest 
needs is a bigger volume of business. Farmers should now find 
no difficulty in marketing their potatoes at the going market price. 
It is true that before the advent of this association, individual grow- 
ers could not market their product without undue trouble and often 
they were not able to find a market at all for their crops. Prices 
change from time to time. In Charts 1 to 4 and Tables 3 to 6 is 
presented a comparison of prices between the Clarksburg and Pitts- 
burgh markets; West Virginia potatoes with out-of-state potatoes; 
and farm prices for the United States.* 


Figure 1 and Table 3 show that the prices of potatoes averaged 
higher at Clarksburg and Fairmont than at Pittsburgh for the months 
of July, August, and September, 1925. In July and August, whole- 


*The paragraphs on prices which are based on a price study during the summer of 
1925 were contributed by Dr. Paul A. Eke, Assistant Farm Economist, West Virginia Ex- 
periment Station staff. 
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TABLE 3.—Comparison of Average Wholesale Prices Received for 
West Virginia Potatoes Sold Under “Mountain State 
Brand” in 150 Pound Bags with Average Wholesale 
Prices of Potatoes Sold as U. S. No. 1 in 150-Pound 


Bags at Pittsburgh, Wheeling, 


and Fairmont and 


Clarksburg, on Dates Specified from July 4, 1925, to 
September 26, 1925.* 


| Price of | Price of Price of Price of 
| “Mountain HeU Sa Nort Urs. Nowa U. S: No. % 
Date State Brand”) Potatoes at Potatoes at Potatoes at: 
Potatoes** Pittsburgh Wheeling Fairmont and) 
Clarksburg 
July 4, 1925 $5.00 $4.32 
July 11, 1925 $5.50 5.10 i a Vas 5.00 
July 1x, 1925 5.45 5.10 rac bel? 5.00 
July 25, 1925 5.47 | 5.30 $4.20 5.25 
Aug. 1, 1925 5.36 | 5.20 4.25 
Aug. 8, 1925 : 5.00 | 5.35. 4.00 5.50. 
Aug. 15, 1925 3.757 4.20 3.50 4.50 
Aug. 22, 1925 4.07 3.95 3.50 3.60 
Aug. 29, 1925. 3.75 S70 eet 3.55 3.55 
Sept. 5, 1925 3.50 7306 baie 3.30 3.45 
Sept. 12, 1925 3.47 3.20 3.20 3.35 
Sept 19, 1925 | 3.50 3.20 3.30 3.40 
Sept. 26, 1925 | SAa7 3.25 3.15 


*Data are from records of wholesalers in the cities specified. at 
(equivalent to 


**This data for 43 carloads of ‘‘Mountain State Brand” 


potatoes sold through the West Virginia Farm Bureau. 
+One car only. 
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1.—Comparison of Average Prices Received for Well 


AUGUST 


SEPTEMBER 
Graded West Vir- 


ini otatoes in West Virginia Markets and the Wholesale Prices of U. S. 
eee ling and Fairmont and Clarksburg Markets, Weekly, 


No. 1 on the Whee 
from July 4, 1925 to September 26, 1925. 


(Adapted from Data in Table 3) 
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‘sale prices at Pittsburgh were about 10 ‘cents per 150-pound bag 
U. S. No. 1, above carlot prices at Clarksburg and Fairmont, but in 
‘September, carlot prices at Clarksburg and Fairmont ranged from 10 
to 20 cents per 150-pound bag U. S. No. 1 above wholesale prices at 
‘Pittsburgh. 

The average wholesale prices of potatoes at Pittsburgh included 
a large proportion of sales of less than carlot quantities. When this 
is taken into account it is certain that carlot prices were higher at 
Clarksburg and Fairmont with the exception of a few days, during 
the three months, July, August, and September. Fairmont, Clarks- 
burg, and Pittsburgh, were better markets than Wheeling for the 
summer. 

The second column shows the average wholesale prices received 
for 43 carloads of West Virginia potatoes which were graded U. S. 
‘No. 1 and put up in 150-pound bags under “Mountain State Brand.” 
‘Most of these potatoes were sold in West Virginia cities. A few 
cars were sold in Pittsburgh. It will be noted that for all weeks, 
except two, higher prices were received for them than were paid for 
out-of-state commercial potatoes of the same grade at Pittsburgh, 
Wheeling, and Fairmont and Clarksburg. Premiums were realized 
on practically all sales made in West Virginia, but the cars which 
were sold in Pittsburgh, were sold at the same price as out-of-state, 
U.S. No. 1 potatoes. One must conclude therefore, that the people of 
West Virginia are willing to pay a premium for potatoes grown in 
this state even though this is not true on markets outside of the state. 

Figure 2 and Table 4 show that grocers at Clarksburg were 
willing to pay premiums of as high as $1.00 per 150-pound bag for 
potatoes grown in West Virginia. These potatoes were put upon 
the market by a cooperative marketing association, which has en- 
forced uniform grading upon its members. This table points out 
the reward which consumers are willing to offer for standardized, 
well graded West Virginia potatoes. 

Figure 3 and Table 5 show that the average yearly prices per 
bushel of potatoes paid to growers in West Virginia from 1909 to 
1924 have been, with very few exceptions, higher than prices pre- 
vailing in three northern winter crop producing states. The same 
is true when West Virginia is compared with Virginia. Therefore, 
potato producers in West Virginia have been able to obtain a prem- 
ium over the prices received in these other states. 
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The premium paid for potatoes in West Virginia over prices 
paid in Minnesota, and Michigan, have continually increased since 
the close of the war in 1918. This tendency has been true to a less 
extent when prices in West Virginia are compared with prices in 
Maine and Virginia. The reason must undoubtedly be sought in 
the increased freight charges since the close of the war. Potato 
growing has become less profitable at long distances from the market 
and in areas of surplus production, and more profitable near the 
centers of population and in areas of deficient production. We can 
conclude therefore that potato growing in West Virginia will con- 
tinue to obtain the present premium as long as freight charges re- 
main at the present high level, and as long as West Virginia does not 
produce more than enough to supply the home demand. 


4 S50 


5.00 


4.50 


4.00 


3.50 


21,3 OT 24 | 22 2g FIL wd 107 4 HOT A | Asa ol eT, 
Se ae Oe Ny Carne JAN: 


AUG, SEPT ocr. ov Dec. reco. MAR. ARK 

ic. 2.—Jobber Prices Per 150-pound Bag of U. S. No. 1 Potatoes in Clarksburg 

Compared with Jobber Prices of Potatoes Grading U. S. No. 1 Bought from 

West Virginia Potato Growers Cooperative Association on the Same Dates 

and Markets, Weekly Average August 27, 1923 to April 7, 1924. (Adapted 
from Data in Table 4). 
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TABLE 4.—Jobber Prices per 150-pound Bag of U. S. No. 1. Pota- 
toes in Clarksburg, Compared to Jobber Prices of Po- 
tatoes Grading U.S. No. 1. Bought From West Virginia 
Potato Growers Cooperative Association, on the Same 
Dates and Market, May 21, 1923 to April 14, 1924, In- 


clusive.* 


Jobber Prices at Clarksburg per 150-pound Bag, U. S. No. 1 Grade 


Co-op. Co-op. 
Date Out-of-State | Association Date Out-of-State | Association 
Potatoes Potatoes Potatoes Potatoes 
1923 Dec. 10 —_| 2.25 3.60 
WER Oa Soa GOs $3.60 | OYTO) See 2.25 3.00 
Wey 23. 2.60 3.60 Dec. 30 __ 2.25 BA 
Funes too. 2.40 3.60 1924 ; 
diene, Tl ae 2.35 3.40 Jona oe 2.40 ~ 3.40. 
aan 2.35 3.35 Tigi, al ee 3.00 3.40 
Tunew2 5a 2.35 3.25 ein, Pil ol 3.00 3.40 
NOES Bl Be 5.35 5.25 Jari See 3.00 3.40 
Sentea == 5.00 5.25 imap, @ 3.00 3.40 
Sept: 10 = 4.85 4.35 INS, ail oo 3.00 3.40 
Septwi 7s 4.25 4.10 ing, GEL. 3.00 3.40 
Sept. 24 __ 4.25 4.10 Feb. 25 —_ 3.00 3.40 
OG, 1 3.90 4.00 Mar aoa 3.00 3.40 
OXets; PR 3.00 3.60 Maradl0y ea 3.00 3.40 
Co ae hae 2.75 3.60 Mara tics 3:00) Jip es40eeme 
NO, B sae 2.50 3.60 Mar, 24 —_ 3.00 | 3.40 
Nov. 12 __ 2.50 3.60 Mar csi. 3.00 l 3.40 
Nov. 19 __ 225 3.60 Apa 3.00 | 3.40 
Nov. 26 __ 2.25 3.60 Apr 3.00 | 3.40 
iSEGh a aoe 2.25 3.60 | 


*Data are from West Virginia Potato Growers’ Cooperative Association records, and 
records of Clarksburg jobbers. 


Since a bushel of potatoes can be sold in West Virginia at an 
average of 98 cents, when potato growers obtain from 27 to 35 cents 
per bushel in Minnesota, and Michigan, it is certain that potatoes 
can be grown at a profit in West Virginia for the winter as well as 
the summer market. It does not seem possible that potatoes in West 
Virginia can average much less than $1.00 per bushel even on years 
of great production for the country as a whole. 
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Fig. 3 —Farm Prices of Potatoes in Maine and Michigan Contrasted with Farm 


Prices in West Virginia, Yearly Average 1909 to 1924, Inclusive. (Adapted 
from Data in Table 5). 
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Fig. 4.—Average Farm Price per Bushel of Potatoes on 15th of Each Month, 
1909 to 1924, Inclusive, Divided Into Three Periods. (Adapted from Data 
In Table 6). 
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The following conclusions may be drawn from Figure 4 and 
Table 6. 

Over a period of years the average price of potatoes for the 
United States as a whole is the highest in July and August. 

Only in years of large production are prices often lower during 
the late winter and spring months than during the fall months. 

In case good yields may be obtained in West Virginia for early 
digging in July and August, it is advisable to grow potatoes, for the 
July and August markets. Table 6 shows further that profitable, al- 
though somewhat lower, prices may be obtained in West Virginia 
during the fall and winter. 


Cabbage 

The freight receipts of cabbage in Clarksburg totaled 1,390,862 
pounds for the twelve months period included in the study. Of this 
total, West Virginia supplied 2,382 pounds, which went on the mar- 
ket during the month of October. A wholesaler received a ship- 
ment of 1,490 pounds of this West Virginia cabbage, and the remain- 
der was made up of small shipments billed direct to consumers. 
In Table 7 the receipts of cabbage by months are presented. 


TABLE 7.—Total Freight Receipts of Cabbage in Clarksburg by 
Months, and Receipts from West Virginia, June 1924 
to May 1925, Inclusive. 


Months Total Number of Pounds Pounds Received 
Received From West Virginia 

1924 
JUNG) 2222-25 => == 166,555 none 
UW, easseoceSesaoass 161,700 none 
AUSUSit es See ee 30,500 none 
September 222222524" 24,490 none 
October 23S soe eeea = 263,272 2,382 
INDENT Y oe 157,100 none 
Decemp ere === =eenae 52,800 none 

1925 
Jala yteee ae 102,340 none 
Hebruaty es == sana es 108,765 none 
Mapehi sess see=s se 149,105 none 
ANNOY So soem sSee se 102,075 none 
May ----------- =---- 72,160 none 
Total aes ae een 1,390,862 2,382 


From Table 7 it may be seen that there is a market for cabbage 
every month in the year. The month of August shows the smallest 
receipts, and it is during this month that considerable local cabbage 
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is marketed direct to consumers. In June and July receipts were 
greater, and in October when late cabbage was ready for market, 
there were the largest receipts of the year. 


The following competing states supplied cabbage on the Clarks- 
burg market, during the months specified: 


June: Mississippi, Alabama, Virginia, and Tennessee. 
July: Ohio and Virginia. 

August: Ohio. 

September: Wisconsin. 

October: West Virginia and New York. 


From the survey of the Harrison County farms it is estimated 
that 283,297 pounds of cabbage were sold from Harrison County 
farms between June 1924 and May 1925. This is an indication that 
the crop can be produced in the county. The demands of the market 
fully warrant an increase in production, if farmers find that it can 


be produced economically. 


Onions 

There were 1,325,993 pounds of onions placed on the Clarksburg 
market by freight shipments, none of which were brought in from 
West Virginia. A few, however, were grown and marketed locally. 
Most of these grown locally were marketed in bunches as green 
onions. The quantity of such is very small and the production is 
limited to a few farmers who are specializing in market gardening. 
It would be a doubtful undertaking to attempt to grow large quan- 
tities of onions in competition with some of the more favorable 
sections, such as on the muck soils of Ohio and in sections of New 
York. However, where there are small patches of fertile land on 
which onions may be grown successfully, this crop would undoubted- 
ly be profitable, for there is no lack of market for them in Clarksburg. 

Onions came from other states as follows, during the months 
specified : 

June: California. 

July: Kentucky, New York, Virginia, and Washington. 

August: New York and Ohio. 

September: New York, Ohio, and Indiana. 

October: New York and Ohio. 
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TABLE 8.—Freight Receipts of Onions in Clarksburg, by Months, 
June 1924 to May 1925, Inclusive. 


Months Number of Months Number of 
1924 Pounds Received 1925 Pounds Received 

UNC tees eater eee 30,240 ANU Ayan ee eee 75,000 
Julyvaee ee 181,185 Hebriaryase ss oe 192,425 
AUPUStEoo aoe eee 71,550 Manchin === se =e soa none 
September ------~- 174,447 PAD Els eee Sere eer eee 63,336 
October] == 231,425 May) (ee 123,760 
November —.-_---_ 73,700 
December -------- 108,925 

Tota] be ene See 1,325,993 

Tomatoes 


In Table 9 is presented the freight receitps of tomatoes in 
Clarksburg. 


TABLE 9.—Freight Receipts of Tomatoes in Clarksburg, by Months, 
June 1924 to May 1925, Inclusive. 


Number of 
Months Pounds Received 
192 

UME SL Bak Oe Be Oe wg Eee een es ns 150,320 
JULY gage Se ee ae Ts Seer es eee pe ree ee Once ae 146,316 
ANUS TA a Sas See re ee sea bein Sree es eee ee 24,245 
May (go S oe oe Se ee ee ee ee 71,400 

Datel Up Se Sere el ee ot ee ee 392,281 


From Table 9 it may be seen that Clarksburg receives 392,281 
pounds of tomatoes by freight. Local tomatoes came on the market 
in the latter part of July and August, and supplied the market until 
early fall almost entirely. 

The local market is reasonably well supplied by local production 
cf tomatoes after the season is well under way. There are often 
gluts on the market in the midst of the local harvest season, when 
town gardens come into bearing and the surplus from farm gardens 
comes on the market. There is not much opportunity for increasing 
the production of tomatoes with profit during the period when the 
local product normally comes onto the Clarksburg market. If income 
from tomatoes is to be increased it seems that changes would have 
to take place along lines of earlier ripening, better quality, more 
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Greenhouse in the Clarksburg Area Where Vegetables Are Grown for Out-of- 
Season Supply. 
economical production, and better marketing, including grading and 
packing. There is no indication that the section of country around 
Clarksburg is adapted to the commercial growing of tomatoes beyond 
a supply for the local markets, and it appears as though this local 
demand is very well supplied during the normal season of local pro- 
duction. There is a splendid opportunity for the production of 
tomatoes under glass during winter, since fuel, one of the large 
items of expense, is comparatively cheap. 
Tomatoes were received in Clarksburg from Florida, Missis- 
sippi, Tennessee, Maryland, and Ohio. 


Strawberries 
The freight receipts of strawberries on the Clarksburg market 
are presented in Table 10. There were no receipts by freight other 
than during the months shown in the table. 


TABLE 10.—Freight Receipts of Strawberries in Clarksburg by 
Months, June 1924 to May 1925, Inclusive. 


Number of Crates 


Months and Years Received 
June, 1924 __------------------------------------------------ 2,193 
May, 1925 __--_.----_---------~-----=---------=-------------- 1,040 

3,233 


GNOME pee ee aces aS SS Se SEES Sea eee ; 
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From Table 10 it may be noted that 3,233 crates of strawberries 
were delivered on the Clarksburg market by freight. These berries 
came from Kentucky and Tennessee. It is likely that many addition- 
al strawberries came onto the market by express. 


Miscellaneous Vegetables 
A large part of the vegetables which came into Clarksburg were 
shipped in cars billed as “mixed vegetables.” It was, therefore, im- 
possible to ascertain the quantity of each of the various kinds of 
vegetables received. A great part of these vegetables came from 
the Pittsburgh and Cincinnati markets. In Table 11, the quantity of 
vegetables received in “mixed cars” is presented. 


TABLE 11.—Freight Receipts of Vegetables in Mixed Cars, in 
Clarksburg, by Months, June 1924 to May 1925, In- 


clusive. 
Months | Number of Months Number of 
1924 | Pounds Received 1925 Pounds Received 

AROS es | 90,729 Ja yee ee ae 114,050 
SUlvge 2 ee 110,340 February — -....-- 117,875 
AUSUS tae ee 1,270 MENKEN Leo asc 235,830 
September -____-- 116,540 Aprile eee cos es 338,465 
Octo bene sa 120,885 Mary sess, Sa a Bee eae 310,999 
November ...-.-.- 195,901 

December ==-2-422 { 104,385 


Totalaa esse as ae 1,857,269 


From Table 11 it may be observed that during only one month ~ 
in the year, August, did local production come anyways nearly 
supplying the demand for vegetables. Even then small shipments 
came in from the Pittsburgh market. During August local produc- 
tion is at its height and not infrequently is there a glut on the market. 
The glut is caused for the most part by the surplus vegetables pro- 
duced by farmers who do not make a business of vegetable growing, 
and who made no plans as to the time when the product should 
come onto the market. The product is a surplus which they have 
from their home gardens and truck patches. At about. this time 


the gardens of the suburban dwellers and some miners come into 
use. 
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Lettuce Is in Great Demand the Year Around. With Cheap Fuel Available 
There Appears to be Excellent Opportunities for Growing Lettuce Under 
Glass to Supply Local Markets. 


There is often a glut in the market for green beans, tomatoes, 
and corn at this season of the year. At times there is a glut in the 
iettuce market, but this is due to the fact that there is not nearly 
enough produced locally to supply the demand and the wholesaler 
must order by the car load to supply his customers. At times this 
leaves the local producer without a very good market. This situation 
can be remedied only by increasing local production sufficiently to 
make it unnecessary for the wholesaler to buy from outside for a 
short period. This might be helped by all the lettuce growers offer- 
ing their product on the market at the same time and notifying 
wholesalers in advance of the time when it is ready. 

Aside from August the lowest receipts for the year were in 
June when 90, 729 pounds of vegetables were received. There is a 
heavy demand for vegetables all through the winter months. There 
are a few men around Clarksburg who have seen the opportunity 
in growing vegetables. While market conditions have not always 
been satisfactory it has been chiefly due to poorly planned produc- 
tion and a “cut throat” system of marketing. There seems an 


32 W. VA. AGR’L EXPERIMENT STATION [Bulletin 212 


especially good opportunity for many farmers whose farms are 
adapted to such to produce vegetable and truck crops for the Clarks- 
burg market. 


There Is a Large Demand for Celery, Which Has Been Grown with Success on 
a Small Scale in the Clarksburg Area. 


Too often when vegetable growing is mentioned, the farmer 
thinks only of beans, tomatoes, potatoes, and corn. But there are 
many vegetables which are just as much in demand and bring higher 
returns. There is a woeful shortage of winter salads, such as spinach 
and kale, on the Clarksburg market. There is always a good market 
for asparagus, celery, peppers, egg plant, cucumbers, and the root 
crops. Vegetable growers would do well to turn their attention to 


the production of some of the above mentioned crops. 


Apples 


Table 12 shows the receipts of apples by freight on the Clarks- 
burg market for the period studied. 
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TABLE 12.—Freight Receipts of Apples in Clarksburg by Months, 
June 1924 to May 1925, Inclusive. 


Months Number of Months Number of 
1924 Pounds Received 1925 Pounds Received 

SUNG ge ere a 163,208 Daal ya ee = ee 436,970 
SOUL ga ee er dad 22,540 Hebruary 22.2. - 267,000 
AUIS S teen ere 53,445 INCEST lag eters eee 168,560 
September _______ 150,537 He\y og 0 Oe rate he 250,040 
October 2a = 310,013 IN Vet ae ue" eee 60,030 
November _______ 631,837 
December _______- 246,308 

Ota Ree ee ae ee 2,760,488 


From Table 12 it may be seen that the total receipts of apples 
by freight were 2, 760, 488 pounds or 46,000 bushels. The low months 
in receipts were May, July, and August. The estimate from the 
farm survey indicates that 29,000 bushels of apples were sold from 
Harrison County farms. There are a few commercial orchards in 
the county and a great many small farm orchards. It is doubtful if 
there is room for profitable expansion in the orchard industry of the 
county, but a few good commercial orchardists should find a good 
demand for their crop. 

Some apples are shipped to Clarksburg from the orcharding 
section of the Eastern Panhandle, but the large majority of them 
come from other states. Excessive freight rates make it difficult 
to market West Virginia apples in the state. 


Packing House Products 


Table 13 shows the quantity of packing house products received 
on the Clarksburg market during the period studied. 

The receipts of meats and packing house products as shown 
in Table 13, totalled 11,164,598 pounds. It was impossible to separ- 
ate this total into the various meats and packing house products from 
information given on freight records, and records of the dealers 
were also inadequate for such information. This total includes fresh 
and cured meats, lard, sausage, etc. The bulk of the packing house 
products came from Chicago and Minneapolis. There is some local 
slaughtering but this takes care of a very small part of the trade. 
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TABLE 13.—Freight Receipts in pounds of Meat and Packing House 
Products by Months, June 1924 to May 1925, Inclusive. 


Months Number of Months Number of 
1924 Pounds Received 1925 Pounds Received 
JUNG; =2 == see 914,053 Januarye s--s===—— 1,026,245 
Juve. = 1,132,846 Mepriary ]2s2———— 1,074,335 
Ee AUSUSt ese see ae 1,034,236 March) (22-2222-—-= 746,135 
September -----~_-_ 938,344 April’ Sone 5 s2e— 909,268 
October. 837,831 Mays 2o-see sooo 881,328 
November ------- 911,755 
December -------- 758,222 tls 
otal pas ae ere 11,164,598 


Cattle and lambs are the only farm products grown in the county 
which are shipped out of the state in any quantity. There are not 
enough hogs produced to supply the local demand. Records from 
the various shipping points of the county show that there were 
417 car loads of livestock shipped from the county during the twelve 
months period included in the study. This includes cattle, lambs 
and a very few hogs. 


TABLE 14.—Livestock Shipped Out of Harrison County in 1924, 


Number of Cars 


Shipping Point Shipped 
Bid BO pOrt gs. aa tees <a 140 
WioltySumimitve se = os at eee ee pone eee ee eee 10 
Wilsonburg . 2523 es 2. ee Pk a ee ee ee ee 12 
GOST: AC TOG ie es eS Se a ee a oe ee ee 125 
ANS TIN | ae os ea eer Benoa ce 109 
Wolawes2 $22 2%, Fao ee ere Ree ee erie a en ee 21 
Total Reo fe coe sS es oe ee ee ee eee 417 


It seems like a big loss in transportation to ship out the local 
cattle and ship in dressed meat from Chicago, and Minneapolis, but 
it appears as though the large packing houses, even at a great dis- 
tance from consumer markets are able to save enough in overhead 
costs and in by-product utilization so that small local packing plants 
cannot compete successfully with them. A local packing plant, if it 
slaughtered only the small quantity produced locally, would most 
likely meet with poor financial success. 


The people of West Virginia are eating very little of the good 
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quality meat that is being produced on their bluegrass pastures, be- 
cause the most of it goes onto the eastern markets, while western 
meat, a great part of it dairy stock, comes onto the local market. 


Harrison County is naturally a livestock county, but if land 
values continue to rise in proportion to wages for farm labor more 
farmers will find it profitable to turn their attention to dairying 
and other intensive types of farming. There is much land in the 
county, however, which can be utilized to best advantage only as 
pasture for some kind of livestock, whether it be beef cattle, dairy 
cattle, or sheep. 


Poultry and Eggs 


The poultry and egg situation in the Clarksburg market is one 
that is very difficult to analyze. Some poultry and eggs are received 
in the cars billed as packing house products. Others come in by ex- 
press and parcel-post. The available records indicate that Clarksburg 
received about 46,000 pounds of poultry from other counties in West 
Virginia, and about 15,000 pounds from other states. On the other 
hand, records from shipping points in the county show that approxi- 
mately 25,000 pounds of poultry were shipped from the county going 
mostly to eastern markets. Records from the farm survey show that 
approximately 143,000 pounds of poultry were sold from the county, 
the major part of this going to the Clarksburg market. In so far 
as the poultry situation is concerned it appears that there is about a 
balance between production and consumption when Harrison and 
nearby counties are considered. A large increase in the poultry 
industry will mean looking for markets outside of the county. 


TABLE 15.—Poultry Shipped From Harrison County, 1924. 


Number of Pounds 


Shipping Point Shipped 
1B Tes Kea ey eon eM AS ee ee ea a ee 2,450 
IDORE AOWEGYS 73 a ee eee ee eee 2,500 
Sale rie ee ee ie Ne eS eet asa ee 16,800 
lOvE ye 2 ee ee ee: Seer ee eee 1,680 

CL O'E 2 gee ee ee a ee eo sae eae 23,430 


The estimate from the farm records shows the sale of about 
650,000 dozens of eggs from the county. Records from the shipping 
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points in the county show the shipment of 8,700 dozens of eggs, which 
is probably less than the parcel-post and express receipts from out- 
side the state. This indicates that there is not a surplus production 
of eggs in the county. 


TABLE 16.—Eggs Shipped from Harrison County, 1924. 


Number of Dozens 


Shipping Point Shipped 
Bridge port™ 22S) 325 ees ee ee Se eee et 2 a ee 1,500 
MOS Oree kia 2 a ie 35 See Sa oe Soe ee ae a eo ee ae ee 3,600 
Salem fe a ee ee ee, 2,160 
DOU A ea eR Ste Fa os ee LE ne a A ee ne 1,440 
otal... a= S5 22 es Se e _Re e eare eee es ee e 8,700 
Dairying 


The dairy industry has reached the point in Harrison County 
where it just about supplies the demand of the city for fluid milk. 
During the twelve months period included in the study, Harrison 
County supplied 95 per cent of the fluid milk consumed in the city. 
The producers distributed 4,000,000 pounds and the milk distributing 
plant 2,120,000 pounds, making a total of 6,120,000 pounds. This 
does not include the milk from a few one-and two-cow dairies in the 
city, but these would not materially increase the total. Of the total 
number of pounds consumed only 156,600 pounds or 2.5 per cent 
came from outside of West Virginia. On the basis of the above data 
the daily per capita consumption of fluid milk in Clarksburg was 
about .6 of a pint. Approximately 4,500 gallons of 20 per cent cream 
were brought into the city from outside the state for the manufacture 
of ice cream in the drug stores and in one small ice cream plant. 
The largest ice cream plant in the city failed to supply records of the 
quantity of cream which it used. All of it, however, came from out- 
side of Harrison County, and the greater part of it from outside of 
the state. 

Milk retailed in the city at from 14 to 18 cents per quart. There 
was not a uniform price on the milk routes operated by the dairy- 
men. The milk distributing plant in the city paid for milk on the 
butter fat basis. For January, February, March and up to April 
26, 1924, the price was $3.95 per hundred pounds for 4 per cent milk 
and 5 cents additional for each .1 per cent butter fat above this test. 
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For the remainder of April, May, and June the price was $2.80; for 
July, August, September, and October, $3.00; and for November 
and December $4.00 for 4 per cent milk plus 5 cents for each addition- 
al .1 per cent butter fat. 

A total of 2,308,000 pounds of condensed milk and milk powder 
was received by freight on the Clarksburg market during the period 
studied. 

For an expansion of the dairy industry in Harrison County there 
are three lines of action: First, total consumption of milk may be 
increased ; second, milk may be produced for manufacturing purposes, 
that is, ice cream, butter, and cheese; or, third, the consumption of 
condensed milk may be replaced by fluid milk. 

Consumption may possibly be increased by an advertising cam- 
paign and the present price maintained, but a decrease in price might 
increase consumption much faster. 

The present high price for fluid milk is due to the fact that so 
much of it is produced in roadside dairies where all feed is bought. 
Dairy farmers growing a part of their feed could probably produce 
milk at a cost which would justify them in selling it at manufacturing 
prices, but markets for such would need to be developed. At any 
rate, the fluid milk market in Harrison County is fast nearing the 
point of saturation. 

The major portion of the milk from outside the state came onto 
the Clarksburg market in January, February,.March, and April. An 
increase in local production of from 10 to 15 per cent could be absorb- 
ed during these four months. 


Concentrated Feeds and Hay 


In Table 17 are presented the receipts of hay and concentrated 
feed on the Clarksburg market. Corn, oats, and mixed feeds; that 
is, poultry and dairy feeds, were included under this classification. 

From Table 17 it may be seen that more than 43,000,000 pounds 
of concentrates and 10,000,000 pounds of hay were received during 
the twelve months period, while the estimate from the farm surveys 
shows the sale of 621,000 pounds of hay and 50,000 pounds of corn. 
An increase in the acreage of corn and oats would probably not be ad- 
visable. Much of the land is too steep for economical cultivation 
and the land that lies well enough for cropping may better be utilized 
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in other crops. There might well be a reduction in the corn acreage, 
except for ensilage. The freight charges on grain are small in com- 
parison with its value, and other sections of the country can produce 
grain crops to a much better advantage than Harrison County. 


TABLE 17.—Freight Receipts of Hay, Grain, and Grain Products 
at Clarksburg, by months, June 1924 to May 1925, In- 


clusive. 
Pounds of Hay [Pounds of Grain and Grain 
Months Received Products Received 
1924 
UMC ere eae ee 616,914 1,792,877 
Ul yee ae ee eee 363,035 2,702,701 
AUTO US tae ee ee ee 209,100 4,135,205 
Soptembersee= assesses 767,041 4,219,881 
Octoberp= === 1,171,302 3,910,123 
November ssseeeaa=—— 1,320,616 4,100,652 
Decembers caso a=—— = 1,177,230 4,013,563 
1925 
JaNUalyn esse =e 987,544 3,142,318 
Rebruaty.-=-—- = 1,229,891 4,591,772 
Marcha cess os. ee eee 1,049,285 4,110,076 
ADT) ea seees notes ee 788,187 3,749,635 
Mia yeiewre a eases 342,893 2,726,922 
Total Sees 10,023,038 43,195,725 


There is a different situation when it comes to hay. The freight 
charges are high in comparison with the unit value of hay. It is 
common for thickly populated sections to turn to intensive farming 
and hay production as the population increases and land increases 
in value. The chief reason for this is that the carrying charges in- 
crease so greatly the value of a bulky feed such as hay. Readjust- 
ments should include plans for capacity production of hay and en- 
silage. 


Marketing 


There are three wholesalers in Clarksburg who handle the major 
portion of the produce and vegetables for the city. There are numer- 
ous retail groceries and meat markets in the city. In addition to 
these distributors there are a number of huksters and farmers who 
peddle farm products from door to door. The number of such was 
not ascertained, but there was a considerable number of them operat- 
ing, especially during the local producing season. There are no 
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regulations governing the marketing activities of such hucksters and 
farmers. 

There is dissatisfaction on the part of both the farmers and 
the distributors over the present marketing situation. The farmers 
claim that the merchants do not give them a fair price when they 
offer their produce to them.. The merchants accuse the farmers of 
unfair competition in their peddling and of later offering them the 
poor quality product which they have failed to sell on their peddling. 
routes. There are two sides to the controversy, and it is one that 
both merchants and farmers must understand before it can be settled 
to the mutual advantage of all parties concerned. 


There are a number of farmers who are specializing in growing 
vegetables and truck for sale in Clarksburg. There are a number of 
others who have a surplus of such products as beans, tomatoes, and 
eggs, which they market in the midst of the season. No one of 
these farmers produces any considerable quantity of the products, 
in fact, as has been shown earlier in this report, they do not al- 
together produce nearly enough to supply the market. Further- 
more, there is no uniformity of production from one season to the 
next. Some few of the farmers have regular customers whom they 
attempt to supply with certain commodities, and make several trips 
a week in delivering. There are few men, however, who have such 
regular routes, the majority of them having to depend on peddling, 
perhaps over the same route, but not to regular customers, and 
without fixed days or time on which to do this peddling. 

The common custom is for farmer A to drive to town with a 
load of produce. He will leave his load and go to a grocery store 
and ascertain the prices which the grocer is charging for commodi- 
ties which he has to sell. He then goes out through the town from 
house to house in an attempt to sell his produce, and asking prac- 
tically the same price as the grocer. If he has a good day, he may 
sell all his produce, but often he crosses routes with other farmers 
and by the middle of the afternoon may be left with a considerable 
part of it unsold. His next move is to go to the grocer and offer 
his remaining produce for sale. It has by this time been picked over, 
and in many cases was in none too good shape at the start. The 
grocer realizes that the farmer is “stuck” with his produce; and 
may offer him a very low price for it. The grocer may resent the 
fact that the farmer has been to his customers, There is often 
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bitterness on the part of both and so long as this practice continues 
neither party may expect due consideration from the other. 

There is a question as to whether either the consumer, the farm- 
er, or the merchant gains anything from such a system. The con- 
sumér pays the farmer near the retail price, he is never certain that 
the farmer will appear at the proper time; but on the other hand, 
he does get fresh produce and has a right to reject poor quality 
goods on the spot. 

The farmer receives about retail price for some of his produce, 
but if he has anything over, as is often the case, he receives much 
less than wholesale price for it and it takes him most of the day to 
dispose of his small load of produce. 

The merchant loses sales when the farmers come in his distrib- 
uting territory. He does not know how to buy because he cannot 
count on his trade. He may over-buy, taking a loss on hold-over 
produce, or he may under-buy, losing the opportunity for more 
sales. He has his overhead expenses going on every day. He is 
necessary to the consumer for at least ten months of the year. In 
the end the consumers must pay enough to support the retailer the 
year round even though they use him only ten months. 

The retailers are obliged to keep a supply of vegetables and 
produce from day to day. Under the present system they cannot 
look to the farmer to furnish this supply. They, therefore, have to 
look to the wholesaler. Again the wholesaler cannot depend on the 
farmer to furnish the necessary commodities. It is his function to 
buy in car lots, and when a car load comes on the market it is suf- 
ficient for a period and during this period the local producer has 
no market for his small quantity. 

The market situation is not at all satisfactory. Production must 
be increased before there is sufficient business on which to build 
a cooperative marketing organization. The most practical thing to 
look forward to seems to be a wholesale market, where the retailers 
could come and purchase their produce such as was offered by 
farmers from day to day. 
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Comparative Tests of Certain Feeds in 
Rations for Pigs’ 


For many years corn has been known to be deficient in the quality 
of its protein, and in certain mineral elements, particularly calcium. 
It is only within recent years, however, that experiments have shown 
that yellow corn is superior to white corn for hog feeding. Yellow 
corn, it is claimed, contains sufficient quantities of the fat-soluble 
vitamin (Vitamin A) for normal growth, while white corn does not. 

This bulletin reports comparative tests of yellow versus white 
corn; wheat middlings versus buckwheat middlings; tankage versus 
fish meal; and also the value of feeds fermented with yeast versus 
non-fermented feeds for growing and fattening pigs. 

To test. the relative value of yellow and white corn in the produc- 
tion of pork, feeding trials were started during the winter of 1923 and 
repeated in 1924 and 1925. This publication gives the results of the 
three years of experimental feeding. The pigs averaged about 70 
pounds each in 1923 and in 1924, and 80 pounds in 1925 at the time 
the feeding tests were started.t 


Fig. 1.—Shaded areas show the sections of West Virginia where buckwheat 
is grown to a considerable extent. 


* itted for publication May, 1926. : 
te netnal Gedite and recording of data for these trials was done by W. N. 


McClung, herdsman. 
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In recent years, many requests have been received in regard to 
the value of buckwheat middlings, and in order to answer such in- 
quiries, the experimental work herein reported was started. The feed- 
ing trials with buckwheat middlings were run on similar pigs, covered 
the same number of days, etc., as the yellow and white corn trials. 

While the production of buckwheat in West Virginia is not very 
great, it is of sufficient importance in several counties to demand more 
information as to the feeding value of its by-products for hogs and 
cattle as compared with other concentrates. The more mountainous 
sections of the state, as shown in Figure 1, produce buckwheat to a 
considerable extent. According to the last census report, Preston 
county leads all other counties of the state; its annual production 
being approximately 200,000 bushels. 

The reports of feeding trials with tankage and fish meal, and of 
the fermentation of the carbohydrate feeds with yeast are considered 
as preliminary, but have been included in this publication since the 
work was conducted in conjunction with the comparisons of yellow and 
white corn, and of wheat middlings and buckwheat middlings. 


REVIEW OF LITERATURE* 


In 1920, Steenbock and Boutwell (8), in their work with rats 
discovered a striking difference in the vitamin A content of yellow and 
white corn. Following Steenbock’s discovery, Morrison, Bohstedt, 
and Steenbock conducted a feeding trial with pigs to determine the 
relative values of white and yellow corn in producing pork. Russell 
and Morrison (6) have reported that these investigators found yellow 
corn to be superior to white corn, when fed with tankage since 16 per- 
cent more white corn than yellow corn was required to produce 100 
pounds gain. Russell and Morrison (7) have also reported the same 
results for yellow and white corn in another feeding trial conducted by 
Morrison, Fargo, and Bohstedt. These investigators found yellow corn 
to be superior to white corn, when fed with tankage, as well as when 
supplemented with skim-milk. The pigs used in this work weighed 
from 50 to 60 pounds at the beginning of the trials, and were carried 
to 200 pounds. When tankage was used as a supplement to white and 
yellow corn (both lots self-fed), the yellow corn lot made an average 
daily gain of 1.06 pounds and required 447 pounds of feed per 100 
pounds gain, while the white corn made 0.63 pounds daily gain and 
required 554 pounds of feed per 100 pounds gain. The lots receiving 
skim-milk as a supplement to corn also showed the inferiority of white 


*All literature cited with respect to hogs refers to dry lot feeding. 
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corn. The white corn and skim-milk lot made practically as rapid 
gains as the lot fed yellow corn and skim-milk for a time, but finally 
nearly all the pigs died from what seemed to be pneumonia. 

The Illinois Station (4) has reported that nine out of ten fifty- 
pound pigs died on a ration of white corn and tankage before reaching 
marketable age, while another lot on the same ration plus a small 
amount of cod-liver oil grew normally to a weight of 275 pounds. 

A preliminary report of the Nebraska Station (9) showed yellow 
corn to have a feeding value slightly superior to that of white corn, 
when both were fed to pigs weighing from 67 to 114 pounds over an 
average period of 88 days. There were no indications of rickets de- 
veloping in the lots fed on white corn, which, according to the report, 
was probably due to the fact that the pigs were fairly large when they 
were started on the two corn rations. 

Lamb and Evvard (2) have reported that when a brood sow and 
her litter were fed upon a ration composed of white corn, oats, lin- 
seed oil meal, and a salt mixture containing lime, the pigs either died, 
or made little growth until vitamin A was added to the ration. These 
investigators worked with small numbers, and with pigs a part of 
which were heavily infested with ascari (round worm). 

The same authors have also reported the results obtained in fat- 
tening pigs by feeding white corn as compared to yellow corn, in a 
ration similar to the one just mentioned. Very little difference was 
found between yellow and white corn for pigs of the weights used— 
approximately 130 pounds at the start. 

Robinson (5) of the Ohio Station found buckwheat middlings to 
be inferior to tankage, when fed as a supplement. 


EXPERIMENTAL METHODS 

Pigs Used 
The purebred pigs used in these feeding trials, composed of Duroc- 
Jersey, Poland-China, and Berkshire breeding, were divided into lots 
of 10, each year, as nearly equal as possible in regard to breed, size, 
and thrift. The pigs were approximately 14 weeks of age at the start of 
the trials, with an average weight of 70 to 80 pounds each. All sows 
and their litters were fed and handled in a similar manner, previous to 
the start of the feeding trials. In Lots I and III (1923), it was dis- 
covered that one pig in each lot was not eating and was falling off in 
flesh. These pigs were removed from the lots soon after the trial 
started. Upon inspection, the pig in Lot III was found to be blind, 
but there was no visible external or indicated internal condition of the 

pig in Lot I to warrant its going off feed. 
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Equipment 


All lots were fed in metal troughs on concrete floors. The sleeping 
pens as well as the outside runways were also concrete floored, so that 
the pigs were never off concrete during the test periods. Sleeping 
quarters were kept well bedded at all times. The pens and runways 
for all lots were of equal size (pens inside, 8 by 24 feet and runways 
12 by 24), and all lots were about equally exposed to sunshine. 


Feeds and How Fed 


Table 1 gives the chemical analyses of the feeds used, and also 
the analyses of similar feeds, as taken from Henry and Morrison’s 
tables in their book entitled ‘‘Feeds and Feeding.’’ The greatest 
variation in the analyses of any one of the feeds used over the three 
years occurred in the case of buckwheat middlings. The crude protein 
of this feed varied from 22 to 32 percent. This variation was due to 
the lack of standardization in the milling of buckwheat flour, and not 
to adulterations. All feeds were of good quality. The yeast fed in 


1924 and 1925 was the ordinary granular form. 


TABLE 1.—Chemical Analyses of Feeds Used Compared with Analyses of 
Similar Feeds as Given by Henry and Morrison in “Feeds and 


Feeding.” 
Carbohydrates 
Feeds Used Water Ash Crude : Fat 
Protein 
Fiber Norse 
1923* 
Yellow’ Corniiive.. sacute dawns See 9.65 1.50 9.07 2.13 73.78 3.87 
White Cornewencimsacienesera 10.41 1.41 9.60 1.96 72.78 3.84 
Wheat Middlings................. 10.90 4.21 16.59 5.60 57.60 5.10 
Buckwheat Middlings............. 9.47 5.26 32.08 4.63 40.10 8.51 
Mania gery ores penta cren ioc sere tees 9.50 20.17 58.51 1.46 4.80 5.56 
1924* 
Wellow: Corn Weta anceccuewacsccir: 11.42 1.31 8.54 2.10 72.67 3.94 
White: Corian. areca dseanaaceer 10.78 1.78 8.33 2.28 73.22 3.61 
Wheat Middlings................. 8.68 3.97 15.96 7.06 59.01 5.32 
Buckwheat Middlings............. 10.84 3.74 21.93 4.42 53.56 5.51 
WPatika yeReewnee oc eaten Teen MOD) 21.64 57.70 2.19 5.35 S57 
1925* 
Yellow Cor: occ sacnecehenee ah 12.58 1.29 11.18 2.38 69.45 3.12 
Wibite! Corn seas ce pyane mcm etre 13.21 1,25 8.33 2.49 71.79 2.93 
Wheat, Middlings.....csclcssese. ae 11.01 4.91 16.66 9.18 53.18 5.06 
Buckwheat Midclings............. 9.18 4.37 24.61 10.86 31.42 4.58 
Tankage onenenne tects Uethil 21.60 59.36 1.20 2.33 7.80 
Bishueall sg, eter accor pores ts a 6.22 16.37 58.46 0.17 4.95 13 83 
Henry and Morrison 
Corn, Dent, Grade No. 2.......... 14.8 1.4 9.6 1.9 67.6 4.8 
Wheat Middlings (Stand.)........ 10.5 4.4 17.4 6.0 56.8 4.9 
Buckwheat Middlings............. 12.0 4.8 28.3 4.8 42.7 7.4 
Tankage—60% percent........... 7.9 15.3 60.4 5.3 Soft 7.4 
Rish(Mealle serena teat 10.5 28.1 19 Sa ace anes Renereratebr 8.3 


“Chemical analyses of the feeds used were made by chemists of the West Virginia Agricultural Experiment Station. 
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The pigs were fed twice each day, morning and evening. The 
middlings and tankage (plus the mineral mixture for 1925) were fed 
as a slop and then followed by the shelled corn, with the exception of 
Lot IV in 1924 and 1925. The dry yeast, shelled corn, and middlings 
were mixed together, thoroughly saturated, covered with water, and 
allowed to ferment from 36 to 48 hours before feeding. Three-range 
electrical heaters were used to keep the mixture warm. The low heat 
was used in mild weather, the medium in fairly cold weather, and 
the high in very cold weather. Each heater was placed in a fifty gal- 
lon oil barrel containing water. The feed was mixed, put into large 
ten gallon pails, and placed in the barrels, so that a warm water bath 
surrounded the pails containing the feeds to be fermented. Three 
“‘rigs’’ of this kind were required to keep properly fermented feed 
on hand. This apparatus proved valuable in keeping the feed mixtures 
at a warm temperature of between 80 and 100 degrees Fahrenheit at 
all times. 

The quantity of the rations fed was varied somewhat during the 
three-year period. In 1923 and in 1925 the pigs were given 4 pounds 
of feed daily, per 100 pounds live weight, but in 1924 they were fed 5 
pounds. The pigs were weighed every 14 days, and the feed increased 
in accordance with the lot weights. The yeast was fed at the rate of 
1 pound per 100 pounds of corn and middlings. 


RESULTS 
Tables 2, 3, and 4 give the results of the feeding trials. 
Discussion of Results 


No attempt has been made to figure the cost of production in this 
work, as will be seen from the data given in Tables 2, 3, and 4. Such 
costs are much more variable in a state hke West Virginia, than they 
are in the corn belt states, which are close to the source of production 
of most hog feeds. The only explanation necessary in regard to the 
cost of the feeds used is, that the average price of buckwheat middlings 
for the three years was two dollars per ton more than wheat middlings. 
Farmers should apply their local feed prices, if they desire to caleu- 
late the cost of gains made on the various rations. 

In 1923, white corn proved just as satisfactory as yellow corn, 
producing about the same daily gains and requiring almost exactly 
the same amount of feed to produce 100 pounds of pork. There were 
no indications that the pigs on the white corn ration were not as 
thrifty in every respect as those on yellow corn. In 1924 and 1925, 
when the pigs were fed for shorter periods (and in 1925 had a mineral 
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Fig. 2.—Duroc-Jersey pig (Lot III, 1924) after being given cod liver on! 
for a period of two weeks; still unable to rise without assistance. 


TABLE 2.—Results of Feeding Trial, 1923, 98 Days, January 20 to April 28*. 


ITEMS CONSIDERED 


LOTS 


Heed UMixture.cvcaees sameeren 


Yellow Corn 300 
Wheat Middlings 100 


White Corn 300 
Wheat Middlings 100 


Yellow Corn 300 
Buckwheat Midd- 


Tankage 20 Tankage 20 lings 100 
Tankage 20 
Nutritive: Ration... ott. cater ee LGN, 1:6.5 1:4.9 
NumMberoL piesierloberse sees eer eee eres 9 10 9 
Initial lotayeight:\.caeicmnmcctn eae ee ate 665.00 722.00 662.00 
Averageinitial mip wei humane iiastee 73.88 72.20 72.55 
Binalilobeweig bie we wen oes sebieea. ieee eremnee ce 1485.00 1605.00 1729.00 
Average!final pig weight. .5.\...00cetsasee en aceek 165.00 160.50 192.11 
Lot; gains Rees Pa einicencn tease tad eee 820.00 883.00 1067.00 
AVETAGe Calmmper Ditaanaky ne science ceteeeees 91.11 88.30 118.55 
Averageidaily gain per pies .1...s.cee. «niece seek 0.93 0.90 1.21 
Feeds consumed: 
Come See ceaierhatir ene ee ee 2520.45 2743.50 2959.20 
Middlings ®zcc7s0 Svat eters She Waa eer, 840.15 914.50 986.40 
Tankage ren acwote coh Ceo nee 168.03 182.90 197.28 
otal feed perilot-peewes niece eee eee 3528 63 3240.90 4062.88 
Feed required per 100 pounds gain................ 430.32 434.98 380.77 


*Feed mixtures and all weights are given in pounds, 
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mixture in addition), considerable trouble developed in the white corn 
lots. Both years about the seventieth day, several hogs in all white 
corn lots became wobbly and some went down, having every indication 
of rickets. 

Three pigs in Lot II refused their feed on the seventieth day in 
1924. They walked in a wobbly manner, appeared weak of back, and 
the following day went down and could not get up. These pigs were 
removed from the lot and fed a gruel containing cod liver oil. In two 
weeks they were up staggering abcut, but still going down in their 
hind legs occasionally and exerting all their strength to rise again. 
On May 2, these three pigs, still in a bad condition, were turned on 
alfalfa pasture (cod liver oil continued) and by June 16 two of them 
had apparently recovered. The other one, which never regained a 
normal condition, was left with weak hind legs, a back carried too low, 
and a curved spine. (See Figures 2 and 3). 

The seven remaining pigs in Lot II of the 1924 test seemed to do 
fairly well from the seventieth to the eighty-fourth day, at which time 
they were shipped to market. In a short drive of from fifty to seventy- 
five yards, necessary in order to load the pigs in wagons, several of 
them developed striking symptoms of the trouble shown by the other 
three. No indications of this condition were shown by a single hog in 
either of the lots receiving yellow corn. 


ie. 3._Two pigs (Lot III) which went down in 1924. This picture was 
Aer Spee Se given cod liver oil and had been on alfalfa pasture 
for 45 days. The pig at the left fully recovered but the other one did not. 
Note the low curved condition of the back of the pig at the right, which is the 
same one shown in Figure 2. The picture in Figure 2 was taken before the pig 


was placed on alfalfa pasture. 
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The data in Mable 3 show that Lot I (fed yellow corn, wheat 
middlings, and tankage) made an average daily gain of 1.55 pounds 
and required 373.92 pounds of feed to produce 100 pounds of pork, 
while Lot II (fed white corn, wheat middlings, and tankage) made an 
average daily gain of 1.29 pounds and required 409.13 pounds of feed 
to produce 100 pounds of pork. The data for Lot IH include the three 
hogs which developed rickets and had been out of the lot for 14 days. 
In other words, the hogs on white corn had made practically as eco- 
nomical gains as those on yellow corn up to the seventy-day period at 
which time the three hogs had to be removed from the lot. 


At the beginning of the 1925 trial, each pig weighed approximately 
14 pounds more than those at the start of the 1924 trial. The pigs in 
the 1925 trial received a mineral mixture in addition to the grain 
ration, yet the same trouble which was experienced the preceding 
year reoccurred. Three pigs in Lot II became wobbly and went off 
feed in the sixty-fifth day of the trial, and on the seventieth day two 
of these went down. On this date, two pigs in Lot III and three pigs 
in Lot IV were found to be staggering and practically unable to handle 
themselves. Neither the buckwheat middlings, fish meal, nor the min- 
eral mixture prevented the trouble which occurred in 1924. 


The condition of the hogs in Lots II, III, and IV made it necessary 
to discontinue the trial on the seventieth day. Those pigs in these lots 
which were in a bad condition were segregated, and they, with all the 
other pigs of these lots, were switched from white to yellow corn, and 
given a small quantity of cod liver oil with each feeding, for thirty-five 
days. All of the pigs improved and were in fairly good condition when 
shipped to market, which was thirty-five days after the bad effects of 
the rations containing white corn were noticed. The yellow corn 
ration proved satisfactory again in 1925 in carrying pigs, weighing 
around 80 pounds at the start, to a marketable weight. 


Figure 4 shows the growth curves on all lots for 1925. Notice that 
white corn produced almost exactly the same gains as did yellow corn. 
It will also be noted from the data in Table 4 that Lots I, I, and III 
made 100 pounds of gain on about the same amount of feed. 


No satisfactory explanation can be given as to why the pigs of 
Lot II in 1928, did not show any signs of the trouble experienced in 
all white corn lots in 1924 and 1925, however, several factors may 
have contributed to this result. The pigs were of practically the same 
breeding each year and were handled in a similar manner up to the 
time they were started on the feeding trials. 
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Goirs by Los In Pounds for 1925 


ig. 4—This graph illustrates the growth made by the four lots of pigs in 
Heer trial. “The growth made by Lots I. II, and III were so nearly equal 
for each of the five fourteen-day weigh-periods that only one curve could be 
shown without confusion. 
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In considering the feeding trials of 1923 and 1924, one might give 
as an explanation of the results obtained, the fact that a heavier ration 
was fed in 1924, which produced more rapid gains, thus causing the 
pigs to go down at an earlier date. The fact, however, that pigs did 
go down in Lot IV in 1925 on the same ration plus yeast in addition, 
tends to discredit this assumption. Lot IV (1925) was fed at the 
same rate per 100 pounds live weight as Lot II (1923) and it made 
almost an identical rate of gain. Another explanation of this point 
might be found in comparing the amount of sunshine during the 1923 
trial with that during the 1924 and 1925 trials. Data regarding these 
conditions are not available, however, and, hence, this factor cannot 
be offered as an explanation. 


Since in these trials the white corn produced almost as good gains 
in 1923 and as good gains in 1924 and 1925 (up to 70 days) as the 
yellow corn, the rachitie condition of the pigs fed white corn can 
hardly be attributed to a lack of vitamin A. The evidence tends to 
point to a lack of the anti-rachitie vitamin (vitamin D) in the white 
corn rations, which vitamin is essential for pigs of the size used. 


The experimental work of Hess and Unger (1) shows rather con- 
clusively that the cause of rickets in children is not associated with the 
fat soluble vitamin, since, in many instances, the disease developed in 
children being fed a diet containing an ample supply of this vitamin. 
Upon feeding babies, from five to nine months old, on a diet free from 
the fat soluble vitamin, they were unable to cause the development of 
rickets. McCollum (3) has shown that the ability of cod liver oil to 
correct or prevent rickets is not vested in the fat-soluble vitamin, but 
in a distinet vitamin—the anti-rachitie vitamin D. 

Experimental evidence at the present time seems to indicate that 
vitamin D may, or may not, be closely associated with vitamin A. 


Buckwheat middlings gave more rapid gains in weight than wheat 
middlings, when both were fed in conjunction with yellow corn and 
tankage, and reduced the amount of concentrates required to produce 
100 pounds of gain (1923 and 1924). Buckwheat middlings seemed to 
be superior to wheat middlings in the 1925 tests, when fed with white 
corn and tankage, however, a portion of the ration containing wheat 
middlings was fermented with yeast, as has been mentioned. In 1928, 
Lot III made 100 pounds of gain on approximately 50 pounds less feed 
than Lot I, and in 1924 on approximately 18 pounds less. In 1925, 
Lot HI made 100 pounds gain on approximately 64 pounds less feed 
than Lot IV. 
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The fermentation (by use of the granular yeast) of the eorn and 
middlings in the ration fed Lot IV in 1924 did not improve it, so far 
as the rate or economy of gain was concerned, but the pigs did show 
nicer coats of hair. No definite comparison can be made on the value 
of yeast in 1925, as Lot IV was the only lot receiving wheat middlings 
in the ration. The pigs of this lot carried smoother coats, however, 
than the pigs of the other three lots. 

In the single trial of fish meal against tankage, the two feeds 
proved about equal as protein supplements to corn and buckwheat 
middlings. The rate of gain was equal for Lots II and III (Table 4), 
and the feed required to produce 100 pounds of gain was only 4.37 
pounds in favor of Lot II, which received fish meal. 


CONCLUSIONS 


1.—This study indicates that yellow corn is superior to white corn 
in fattening pigs weighing from 70 to 80 pounds at the beginning of 
the fattening period. 

2.—Pigs weighing from 70 to 80 pounds make just as economical 
gains on white as on yellow corn for a certain period, which, in the 
1924 and 1925 trials, seemed to be about 70 days. 

3.—The pigs fed white corn developed a rachitic condition (2 out 
of 3 trials), while those fed the yellow corn did not. 

4—There is evidence that it was not the lack of the fat soluble 
vitamin in white corn, but the lack of the anti-rachitie vitamin (Vita- 
min D) which caused it to be inferior to yellow corn in these trials. 

5.—Buckwheat middlings gave more rapid gains and required less 
concentrates to produce 100 pounds gain than standard wheat mid- 
dlings, when each was fed in conjunction with corn and tankage. 


6.—Buckwheat middlings is not as uniform a product as wheat 
middlings, consequently the purchaser should familiarize himself with 
the analysis of the product before giving it preference over wheat 
middlings. 

7—Fish meal was approximately equal to tankage as a supple- 
ment to white corn, buckwheat middlings, and a mineral mixture (one 
trial). 

8—The fermentation, for 36 to 48 hours, of corn and wheat 
middlings by the use of 1 pound of powdered yeast to 100 pounds of 
feed, did not increase the rate of gains or the economy of gains. 


9—If hogs are to be used for show purposes, yeast may have a 
place in their feed since in these tests it resulted in an improved con- 
dition of the hair, which gave the pigs a sleeker appearance. 


10.—Neither buckwheat middlings, fish meal, nor the mineral 
mixture used prevented the rachitic condition, since it occurred in all 
white corn lots, in 1924 and 1925. 
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The Effect of Height of Head on Young 
Apple Tree Growth and Yield’ 


(A Preliminary Report) 


An experiment to determine the effect that the height of head of 
young apple trees has on growth and yield was started in the spring of 
1916. For the purpose of this work, two varieties, Rome and Stayman, 
which are quite distinct in nature and type of growth, were used. One- 
year-old trees, carefully selected for uniformity of size and vigor, were 
planted. These trees were of the nursery grade, five to seven feet, 
and for the most part were approximately seven feet high. The root 
systems of the individual trees were pruned as nearly alike as possible 
before planting, removing mainly the broken roots and cutting off the 
rough, irregular ends. 

Five pruning treatments, or heights of heads, were made of each 
of the two varieties. They were: (1) tops cut back to 1-foot trunk; 
(2) tops cut back to 2-foot trunk; (3) tops cut back to 3-foot trunk; 
(4) tops cut back to 4-foot trunk; and (5) tops cut back to 5-foot 
trunk. 

In every case the length of the trunk left after pruning was 
measured from the point at which the tree was budded, to the apex. 
In an effort to obtain a length of tree trunk of 1, 2, 3, 4, or 5 feet, as the 
case might be, the trees were set so that the point at which they were 
budded was just at the surface of the soil. 

The experimental work was conducted on a single row of trees 
through an orchard on the Horticultural farm at Morgantown. The 
orchard was planted with rows sixteen feet wide, and the trees thirteen 
feet apart in the rows. Two trees of Rome and four of Stayman were 
used for each height of head or pruning treatment, making thirty 
trees in all. The order of planting was two trees of Rome. then four 
trees of Stayman; this planting being repeated four times until the 
row was filled. In the spring of 1924, every other tree was removed 
to give the permanent trees more room. This left only one tree of 
Rome and two trees of Stayman for each method of treatment. An 
attempt was made to prune the trees uniformly, this, however, was 
difficult, due to the wide differences in the types of trees and their 


responses. 


*Submitted for publication, May, 1926. 
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The methods of training and subsequent pruning were as follows: 
The trees were trained to the modified central leader form, having two 
scaffolds of four main branches each. The upper scaffold was approxl- 
mately three feet from the lower one. The first season, the lower scaf- 
fold branches were selected and if they had made more than eighteen 
inches growth they were cut pack to that length. ‘he central leader 
was left from twenty to twenty-four inches long. All other branches 
were removed. Pruning the second season consisted of reducing the 
number of laterals on each main scaffold branch to two, all other 
shoots being removed. The central leader was headed back to about 
four feet from the first scaffold. 


In the third and fourth seasons, the second seaffold was formed in 
the same manner as the first. The subsequent pruning was light and 
consisted mostly of a mere thinning out of thick places in the trees, 
and the removal of interfering or crossing limbs. No heading back 
was practiced after the fourth season. In all cases, it was the aim to 
give all the trees the same type and severity of pruning. This was 
impossible during the first two or three years in the case of the high- 
headed trees, because of their tendency to produce branches below the 
head. These shoots had to be removed in addition to the pruning 
necessary to train the trees. In this way, the high-headed trees re- 
ceived a little heavier pruning than the low-headed ones, for the first 
few years. Since that time, there has been practically no difference in 
pruning trees of different heights of heads. 


CARE OF THE ORCHARD 


The trees in the experimental plot received cultivation and cover 
crops each year. The cultivation consisted of five to ten treatments 
with a light draft harrow, a spike-tooth harrow, or dise, as the nature 
of the soil warranted. A cover crop consisting of a mixture of rye 
and hairy vetch was sowed during August. In the spring, the cover 
crop was plowed or disced under. An application of about three 
hundred pounds of 16 per cent superphosphate (acid phosphate) was 
made at the time of seeding the cover crop. In the spring of 1924, the 
trees received the only application of nitrogen, which consisted of four 
pounds of nitrate of soda per tree. This was applied when the trees 
were in bloom. The trees were kept thoroughly sprayed, at all times, 
to prevent any damage by insect pests or diseases. 
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METHODS OF OBTAINING DATA 


In order to determine the exact amount of growth made each 
year by the trees of different heights of heads, the total lengths of the 
new shoots for the previous growing season were measured in the 
early spring. The trees were then pruned and the length of the one- 
year-old wood removed was measured. The new growth produced 
each year was measured for the first six years, after this, the only 
growth measurement made was the annual increase in trunk diameter. 

When the trees in this experiment were planted, the diameters of 
their trunks were measured with calipers at a point approximately half 
way between the ground and the place where the heads were to be 
formed. This point was marked by painting a narrow band half way 
around the tree. The tree trunks were measured each year with the 
exception of 1918 and 1919. 

To get a record of the fruiting of the trees, the number of blossom 
clusters was counted, and the yield of fruit was measured in total 
weight in pounds and in total number of apples produced. 


PRESENTATION OF DATA 


In presenting the data in this report, the individual, year-by-year 
tree records are given in two instances, while in all other cases only 
averages of the trees for each of the various treatments are recorded. 
In calculating the data for the annual length of shoot growth and the 
average annual increase in trunk circumference, Student’s Method 
(4, 5), which has been advocated by Love and Brunson (3) as an aid 
in interpreting similar data, was used. In the tables where this method 
of calculation was used, the column dealing with odds is important, as 
it gives a fairly accurate measure of the significance of the differences 
between treatments. Odds much below 30:1 indicate tendencies only, 
while greater odds approach absolute certainty, as a limit. 


TREE GROWTH 


The data presented in this report cover the first nine years after 
the trees were set, 1916-1924, inclusive, hence they are largely con- 
cerned with tree growth up to the age at which fruit production began. 


Annual Shoot Growth 


Table 1 shows the average total length of annual shoot growth per 
tree for the first six years. The low-headed trees, with one exception, 
made much more growth than those which were headed higher. This 
is true regardless of whether any one year’s growth or all of the six 
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TABLE 1.—Length of Shoot Growth Produced by Individual Trees the First 
Six Growing Seasons Following Planting. 


Lengths of Shoot-Growths in Feat Produced by Seasons & 
aa a ix- 
Varieties Heights Tree Year 
of Peels Numbers 1916 1917 1918 1919 1920 1921 Total 
1 foot 1 (died) p 
2 5.42 220 97.25 209.00 325.00 796.00 1,459.92 
Average 5.42 27.25 97.25 209.00 325.00 796.00 1,459.92 
2 feet 7 1,25 19.92 42.00 113.50 252.00 376.00 804.67 
8 7.00 31.58 53.66 129.00 297.00 345.00 863.24 
Average 4.12 25.75 47.83 121.25 274.50 360.50 833.95 
ROME 3 feet 13 2.92 12.75 35.58 86.5 207.00 244.00 588.75 
14 5.92 17.58 38.25 89.75 146.00 366.00 663.50 
Average 4.42 15.16 36.91 88.12 176.50 305.00 626.12 
4 feet 19 4.92 17.08 33.58 89.75 147.00 236.00 528.33 
20 1.42 8.00 20.25 45.50 115.00 179.00 369.17 
Average 3.27 12.54 26.91 67.62 131.00 207.50 448.75 
5 feet 25 1.00 8.00 14.83 43.5 84.00 157.00 308 .33 
26 4.92 17.20 22.3 51.75 107.00 163.00 366.20 
erage 2.96 12.60 18.58 47.62 95.50 160.00 337.26 
1 foot 3 5.25 29.00 71.92 141.5 200.00 676.00 1,123.67 
4 6.33 25.66 59.50 162.50 311.00 657.00 1,221.99 
5 6.50 32.33 87.00 181.50 334.00 662.00 1,303.3 
6 Pay 16.92 45.66 129.00 262.00 447.00 903 .32 
Average 5.20 25.98 66.02 153.62 276.75 610.50 1,138.08 
2 feet 9 2.83 Poe 56.66 148.0 303.00 594.00 1,128.24 
10 3.75 30.83 71.58 169.75 304.00 473.60 1,053.51 
11 che 21.16 44.50 138.75 302.00 391.00 901.16 
12 4.50 23.08 45.33 131.0 250.00 436.09 889.91 
Av rage Siva 24.70 54.51 146.87 289.75 473.65 993 .20 
STAYMAN 3 feet 15 4.08 19.75 41.58 93.00 228 .00 380.00 766.41 
16 4.83 17.25 56.16 133 .50 275.00 357.00 843.74 
17 5.08 24.25 49.08 107.25 184.00 367.00 736.66 
18 4.83 23 .50 51.92 106.00 307.00 471.00 964.25 
Average 4.70 21.19 49.68 109.93 248.50 393.75 827.76 
4 feet 21 2.16 8.25 20.33 48.25 80.00 164.00 322.99 
22 0.0 16.25 41.58 86.75 183 .00 251.00 578.58 
23 0.0 3.08 13.42 42.75 95.00 199.00 358.25 
24 2.88 11°75 22.25 78.25 138.00 258.00 511.08 
Average 1125 9.83 24.39 64.00 124.00 218.00 441.47 
5 feet 27 4.83 27.75 27.16 48 .50 113.00 196.09 417.24 
28 (not same |variety) 
29 13725 27.00 32.33 86.00 142.00 229.00 529.58 
30 (not same |variety) 
Average *9 04 PME Te 29.75 67.25 127.50 212.50 473.41 


*Most of this growth was produced near the ground and had to be removed. 
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years’ growths are considered. During the first erowing season the 
trees headed at one foot made more growth than those headed at two 
feet, but the amount of shoot growth decreased as the height of head 
increased. The one exception, as has been néted, was the Stayman 
trees headed at five feet. These trees made considerably more growth 
during the first three years after being set in the orchard than those 
headed at four feet. This was due to the fact that the trees headed at 
five feet produced a large part of their branches below the head, 
making it necessary to remove them. This lot of trees was the only 
one to form any number of branches below the head. 

The Rome trees headed at the same height did not respond in the 
same way. During the third growing season the trees of this variety 
headed at one foot made about three times as much growth as those 
headed at five feet. The same ratio existed at the end of the six-year 
period. As the experiment progressed the difference in growth between 
the high-headed and the low-headed trees became more pronounced. 

Data for total length of annual growth as influenced by the height 
of head have been calculated, using Student’s Method, and are given 
in Table 2. 


TABLE 2.—Comparison of Annual Growths as Influenced by Different Heights 


of Heads.* 
Comparative Growths at Different Heights of Heads 
Variet es Year 

1 Foot 2 Feet 3 Feet 4 Feet 5 Feet 

1916 1.00 .76 81 60 54 

1917 1.00 94 55 46 46 

1918 1.00 49 .38 27 19 

1919 1.00 .58 -42 32 ey 

ROME 1920 1.00 84 54 40 .29 
1921 1.00 45 38 . 26 .20 

Average 1.00 .67 ol .38 Pol 

Odds 800:1 2499:1 9999:1 9999:1 

1916 1.00 71 .90 24 1.74 

1917 1.00 95 81 .38 1.05 

1918 1.00 82 15 OT 45 

1919 1.00 95 pad Al 43 

STAYMAN 1920 1.00 1.04 .89 .44 46 
1921 1.00 17 .64 35 100 

Average 1.00 87 78 36 74 

Odds 32:1 §21:1 9999:1 Dal 


*In this table, the average annual lenzth of nw grovta prolaced oa th e trees headed at one foot has been taken as 
unity, and the growth of the trees of the other treatments has b22n con)ar ed with tho32 headed at one foot. 
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The annual growth of the trees of various heights of head have 
been compared with those headed at one foot. In every instance but 
one, the odds were very significant in favor of the trees headed at one 
foot. This exception was in the case of the Stayman trees headed at 
five feet. As has already been pointed out the variation was due to 
the fact that these trees made most of their growth below the heads 


the first two years. 


Severity of Pruning 


Experiments have shown that pruning has a dwarfing effect on 
young trees. It is also true that the more severe the pruning the 
greater the trees are dwarfed. As the type and amount of pruning 
necessary to shape and train the trees with different heights of heads 
must vary to some extent, if any difference existed in pruning, the 
effect of the height of head might be overcome. In order to eliminate 
any influence of pruning, the trees were pruned as nearly as possible 
in the same manner and with the same severity (excepting the pruning 
necessary to keep branches from the trunks). Careful records were 
kept of the total length of one-year-old wood removed each year. These 
data are given in Table 3. 


TABLE 3.—Average and Total Lengths of Wood Removed in Pruning Re- 
corded by Varieties, Different Heighths of Heads, and Years. 


Average Length of Wood Removed in Feet per Tree by Years 
Varieties Heigths 422 == Total Wood 
of Heads Removed 
1917 1918 1919 1920 1921 
1 foot 1522 foE8 118.5 152.0 224.0 585.3 
2 feet ed 32.2 68.5 153.5 216.0 487.5 
ROME 3 feet 6.3 24.7 527 99.0 191.5 374.2 
4 feet 8.5 19.9 36.7 Weo 127.0 263.6 
5 feet 10.9 13.2 23.8 56.5 90.0 194.4 
1 foot 14.6 37.6 88.4 126.0 282.3 548.9 
2 feet 15.4 30.7 88.5 146.0 269.0 549.6 
STAYMAN 3 feet 14.3 30.7 68.2 124.2 213.7 451.1 
4 feet 5.9 16.8 32.3 56.2 102.5 213.7 
5 feet u 24.1 22.6 41.2 58.0 124.0 269.9 


From the data in Table 3 and those given in Table 1, the percent- 
ages of each year’s growth removed by pruning during the first five 
Seasons have been calculated and are given in Table 4. 
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TABLE 4.—Percentage of Each Year’s Growth Removed by Pruning, 1917- 
1921 Inclusive. 


Percentage of Total Annual Growth Removed by Years 

Var eties Heights 4 Percentage of 
of Heads GrowthRemoved 

1917 1918 1919 1920 1921 1917-1921 

1 foot 55.9 Aiad. 56.6 46.7 28.1 40.09 

2 feet 67.1 67.3 56.4 55.9 59.9 58.45 

ROME 3 feet 41.5 66.9 59.8 56.0 62.7 59.76 

4 feet 67.7 73.9 54.2 54.5 61.2 58.74 

5 feet 86.5 71.0 49.9 59.1 56.2 57.64 

1 foot 56.1 56.9 57.5 45.5 46.2 48.23 

2 feet 62.3 56.3 60.2 50.3 56.7 55.33 

3 feet 67.4 61.7 62.0 50.0 54.2 54.49 

STAYMAN 4 feet 60.0 68.8 50.4 45.3 47.0 48.40 

5 feet 88.1 75.9 61.2 45.4 58.3 57.01 


In the ease of both varieties, the trees headed at one foot had the 
least amount of wood removed. The trees which were headed higher 
than one foot, with one exception, received practically the same 
severity of pruning. This exception was in the case of Stayman headed 
at four feet, which had about 7 percent less wood removed than did 
the other trees headed higher than one foot. The striking thing 
brought out in this table is that the trees headed at five feet required 
the removal of but little more wood to form the head at that height 
than was required for those headed at two feet. The Rome trees 
headed at two feet had approximately 1 percent more wood removed 
than those headed at five feet, while the Stayman trees headed at 
five feet required the removal of about 2 percent more wood than 
those headed at two feet. 

The low-headed trees, in their first and second growing seasons, 
produced fewer and longer shoots than the high-headed trees. Dur- 
ing the succeeding years, the growth produced on the main scaffold 
branches and primary laterals was distributed so much better on the 
low-headed trees that more wood could be left to advantage. The 
differences in the amounts of wood removed in pruning the trees of 
different heights of heads, however, would not account for the great 
differences obtained in shoot growth. 


Weight of Wood Removed by Pruning 


During the four-year period, 1922-1925 inclusive, the wood re- 
moved by pruning was weighed. These data are given in Table 5. 


10 W. Va. AGR’L EXPERIMENT STATION [Bulletin 214 


TABLE 5.—Average and Total Weights of Wood Removed in Pruning, Re- 
corded by Varieties, Different Heights of Heads, and Years. 


Average Weight of Wood Removed per Tree 
by Years in Pounds 
Varieties Heights : Total for Average 
of Heads Four Years per Year 
1922 1923 1924 1925 

1 foot 9.50 12.20 12.40 17.30 51.40 12.85 

2 feet 3.75 3.95 4.70 4.00 16.40 4.10 

ROME 3 feet 2/12 2.85 3.25 3.00 11.22 2.80 
4 feet 1.50 1.80 3.50 2.10 8.90 2.22 

5 feet 1.37 2.40 2.65 1.60 8.02 2.00 

1 foot 6.37 7.35 7.76 9.80 31.28 7.82 

2 feet 6.50 7.00 7.12 10.70 31.32 7.83 

STAYMAN 3 feet 4.62 715 7.05 10.20 29.02 7.25 
4 feet 2.18 2.17 3.77 4.45 12.57 3.14 

5 feet 2.25 3.55 3.65 ite ie 


*All pruning was done during the spring months each year. 


The data presented in Table 5 show that the amount of wood re- 
moved was closely proportional to the growth the trees made during 
the first six growing seasons. The Stayman trees may be divided into 
two classes as to the severity of the pruning, those headed from one to 
three feet, and those from four to five feet. The trees headed at three 
feet were smaller at the time of this report (May, 1926) than those 
headed at two feet or one foot. Yet, for some unaccountable reason, 
the difference in pruning during the four-year period (1922-25) was 
not in proportion to tree size, as these higher headed trees were pruned 
almost as heavily as those headed lower. 

The Rome trees headed at one foot had, due to their much larger 
size, much more wood removed from them than any of the others. 
These trees were probably better located than any of the others on 
account of a slight dip in the land, which caused the soil to have a 
higher moisture content and possibly greater fertility. These differ- 
ences in pruning and in the soil were not sufficient, however, to in- 
fluence greatly the growth or size of trees, as was shown by trees of 
the same varieties which grew in an adjacent row, sixteen feet away, 
and received the same culture. 


Increase in Circumference of Tree Trunks 


The annual increases in the circumference of the tree trunks were 
measured from the time the trees were planted. These data are given 
in Table 6. 

The trunks of the high-headed trees were much smaller in circum- 
ference than those of the low-headed trees. The circumference of the 
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TABLE 6.—Comparison of Circumferences of Tree Trunks by Varieties, 
Heights of Heads, and Years. 


Circum- Circumferences of Tree Trunks in Inches by Years* 
Heights Tree ferences at 
Varieties | of Heads | Numbers | Planting 
in 1916 1916 1919 1929 1921 1922 1923 
1 foot 1 (died) 
2 3 1.26 5.87 8.50 Ue25 14.00 16.12 
Average 1.1 1.26 5.87 8.50 1125 14.00 16.12 
2 feet 7 1.19 1.29 4.50 6.25 8.37 10.12 ill 7 
8 1.26 1.63 4.62 6.25 8.00 9.50 10.75 
Average 1.22 1.46 4.56 6.25 8.18 9.81 11.25 
ROME 3 feet 13 91 97 3.37 4.87 6.25 Uo 9.50 
14 85 1.04 3.87 520d 7.00 8.75 10.25 
Average 88 1.00 3.62 5-12 6.62 8.25 9.87 
4 feet 19 1.00 1.10 3.87 5.50 732 8.50 10.25 
20 85 1.04 3.00 4.50 5.75 7.00 8.50 
Average 92 1.07 3.43 5.00 6.48 HTS 9.37 
5 feet 25 88 1.13 3.25 4.02 6.37 7.62 9.50 
26 1.13 1.41 3.50 4.87 6.37 eth 9.25 
Average 1.00 127 3.37 4.74 6.37 7.68 9.37 
1 foot 3 L257, 2.01 6.62 9.00 at 11.62 13.75 Ae 
4 1.63 1.82 6.62 8.87 B1Le25 13.25 15.75 
5 1.50 2.01 6.62 9.12 10.62 13.50 15.75 
6 1.44 1.63 5.50 7.87 ORD 11.50 13.25 
Average 1.53 1.87 6.34 8.71 10.81 13.00 14.92 
2 feet 9 1.50 1.63 6.00 8.25 410.87 12:75 15.00 
10 1.60 1.92 6.50 9.00 11.37 13.25 15.50 
11 1.50 1.63 5.50 7.50 F 9.50 11.12 13.C0 
12 132 1.41 5.75 8.00 10.12 12.12 14.50 
Average 1.48 1.64 5.93 8.18 10.46 12°31 14.50 
STAYMAN 3 feet 15 1.32 i by/ 5.25 (5) 9.62 11.50 14.00 
16 1.32 1.44 5.62 7.75 10.12 12.00 14.37 
17 1.16 1.29 4.50 6.25 8.00 9.25 11.00 
18 1.19 1.29 5.50 7.50 9.62 11.50 13.75 
Average 1.24 1.39 Daal 7.18 9.34 11.06 13.28 
4 feet 21 1.19 1.26 SEU: Ba) 6.62 8.00 9.75 
22 1.16 1.26 5.00 Meo 9.62 11.37 13.50 
23 1.16 1.19 3.25 5.12 6.75 8.50 10.5) 
24 1e32 1.35 4.50 6.25 7.87 9.25 11.00 
Average 1.20 1.26 4.12 5.99 age 9.28 11.18 
5 feet 27 1.07 1.38 3.50 5.12 7.25 9.00 11.25 
28 (not same |variety) 
29 1.09 tS 4.12 5.62 7.25 8.50 10.12 
30 (not same |variety) 
Average 1.08 1.36 3.81 5.37 UP 8.75 10.68 


*All measurements were taken at the end of the growing season each year. 
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tree trunks became smaller as the height of the head increased, From 
Table 6, it may be seen that the Stayman made larger gains in trunk 
circumference than the Rome, due to the more vigorous growth of 
this variety. 

In Table 7 is given the average yearly increase in trunk circum- 
ference as influenced by the height of head of the trees. The total 
increase in the circumference of the trunk was greatest, on both 
varieties with the trees headed at one foot. The increase in trunk 
girth became less as the height of the head increased. When the 
differences between the trees headed at one foot and those headed 
higher were compared by Student’s method, it was found that, in the 
ease of the Rome, all the trees headed higher than one foot had made 
significantly smaller increases in trunk circumference than those 
headed at one foot. With the Stayman, however, significant odds 
were found only with those trees headed at four feet. 


TABLE 7.—Average Increases in Trunk Circumferences Recorded by Varie- 
ties, Different Heights of Heads, and Years. 


Average Increases in Trunk Circumferences in 
Inches Recorded by Growing Seasons Total 
Varieties Heights __| Increase] Average Odds In 
of Heads for Eight} Increase Favor of 
Seasons | per Season 1-Foot 
1916 *1919 1920 1921 1922 1923 Head 
1 foot 13 4.61 2.63 2.75 2.75 2.12 14.99 2.50 
2 feet 24 3.10 1.69 2.13 1.63 1.44 10.23 1.70 118:1 
ROME 3 feet 12 2.62 1.50 1.50 1.63 1.52 8.89 1.48 132:1 
4 feet 15 2.36 1.57 1.43 1.32 1.52 8.35 1.39 112:1 
5 feet oat 1.10 1.37 1.63 1.01 1.69 7.07 ie 38:1 
1 foot 84 4.47 2.37. 2.10 2.19 1.92 13.39 2.23 
2 feet 16 4.29 2.25 2.28 1.85 2.19 13.02 2.17 3:1 
STAYMAN | 3 feet ald 3.82 1,97 2.16 1.72 2.22 12.04 2.00 blest 
4 feet 06 2.86 1.87 1.72 iW ay/ 1.90 9.98 1.66 38:1 
5 feet 28 2.45 1.56 1.88 1.50 1.93 9.60 1.60 19:1 


*Includes growth for seasons of 1917 and 1918. 


Volume of Top 


In an attempt to show more clearly the differences existing in tree 
size and bearing surface, the height and spread of the trees were 
measured in the early spring of 1925. The distance from the ground 
to the lowest limbs was also measured. The tops of the trees were 
found to conform more closely to the shape of a sphere than to any 
other geometrical figure, as the trees had not borne erops sufficiently 
heavy to spread the tops. To calculate the volume of the tree tops, 
all of which may be considered potential bearing area, the distance 
from the ground to the lowest limbs was subtracted from the height 
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of the trees, which gave the diameter of the top in a vertical direction. 
This was then averaged with the width of the tree, which resulted in 
what was used as the diameter of the tree or sphere. The volume of 
the sphere was then calculated in the usual manner (V=1/6z7 D?). 
These data are given in Table 8. 


TABLE 8.—Heights, Widths, and Volumes of Trees as Influenced by Heights 
of Heads; Measurements Made in the Spring of 1925. 


Average Average Average Distances Average Volumes of 
Varieties Heights Heights Widths from Ground to Tops in Cubic 

of Heads in Feet in Feet Limbs in Feet Feet 

1 foot 15.0 16.0 2.50 1515.08 

2 feet 12.5 11.0 3.25 543.45 
ROME 3 feet 12:5 9.5 4.00 381.70 

4 feet 13.0 8.0 4.75 280.31 

5 feet 63615) 8.0 5.50 268.08 

1 foot 15.50 16.75 1.25 1949 81 

2 feet 15.75 17.0) 2.00 1901.11 
STAYMAN 3 feet 15.62 17.09 Sule 1680.23 

4 feet 15.25 14.50 4.25 1085.23 

5 feet (All trees removed at this tim3) 


The high-headed trees were several years behind the low-headed 
trees in actual size when the top measurements were taken in 1925. 
They were less stocky, less vigorous, and much less desirable. The 
lower the trees had been headed, the larger was the top, as shown by 
measurements of height and breadth, or total volume. Both varieties 
responded in the same way. The Stayman, being a more vigorous 
grower, made larger trees than the Rome, but the response to the 
height of head was the same. 


BLOOM AND YIELD 


As has been stated, since this report covers only the first nine 
years of the life of the trees after they were set in the orchard, it must 
necessarily deal largely with growth. The trees were still so young 
at the time this report was prepared that very little could be expected 
from them in bloom and yield of fruit. 

The trees produced their first bloom in the spring of 1920, four 
years after they were set in the orchard. At this time, the number of 
blossom clusters was counted on each tree. This was continued for 
three more years. These data are given in Table 9. 

It is interesting to note that the high-headed trees were the first to 
bloom, and that they continued to bloom more heavily than the low- 
headed trees. This is especially significant when the great difference 
in size of the trees is considered. 
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TABLE 9.—Average Number of Flower Clusters Per Tree Recorded by Vari- 
eties, Different Heights of Heads, and Years. 


Average Number of Flower Clusters per Tree by Years 
Varieties Heights bea Total 
of Heads 1920-23 
1920 1921 1922 1923 
1 foot 0 6.5 74.0 105.0 185.5 
2 feet 0 0.5 5 Beno) 83.5 
ROME 3 feet 0 2.0 13.5 lise 31.2 
4 feet 3.0 2.0 1.5 20.0 26.5 
5 feet Bis 12.0 14.5 164.0 194.0 
1 foot 0 0 8 20.0 20.3 
2 feet 0 0.2 0 3.4 3.6 
STAYMAN | 3 feet | 0 0 ati} 12.5 13.0 
4 feet 0 0 5 62.5 62.7 
5 feet 9.0 8.3 134.5 330.0 481.8 


The only data obtained on yield of fruit were taken for the two 
erops borne in 1928 and 1924, for which the total weight of fruit was 
determined as well as the number of individual fruits produced per 
tree. These data are given in Table 10. 


TABLE 10.—Yield in Pounds and Number of Apples per Tree Recorded by 
Varieties, Different Heights of Heads, and Years. 


Average Yield in Pounds Average Number of Apples 
Heights per Tree by Years per Tree by Years Average Weights 
Varieties of Heads of Fruits in 
Pounds 
1923 1924 Total 1923 1924 Total 
| } 
1 foot 6.0 9.6 15.6 19.0 29.0 48.0 32 
2 feet 2.2 0 22, 4.0 0 4.0 ROD) 
ROME 3 feet 5.6 Deo 8.1 15.5 4.0 19.5 41 
4 feet 0 1.5 15 0 3.0 3.0 50 
5 feet 6.0 iti A en 12.5 24.0 36.5 48 
1 foot 2.4 3.7 1 Bo 9.0 14.5 42 
2 feet 9 18.7 6 2.0 53.5 50), 0) nop 
STAYMAN 3 feet ipl 14.3 5.4 3.7 34.0 Slat 40 
4 feet tay 27.4 Pate 11.0 65.5 76.5 42 
5 feet 16.8 62.0 


The amount of fruit borne to the date of this report was too small 
to be of much value in determining the effect of height of head on fruit 
production. At the end of the first nine-year period, the yield had not 
been influenced to any appreciable extent by the height of the head. 
Practically all of the effect of the low heading of trees was that of 
producing trees of greater size and bearing area. Time alone will tell 
whether the trees of greater bearing area will produce crops signifi- 
cantly greater than those of the high-headed trees. 
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DISCUSSION 


It is unfortunate that a larger number of trees was not included in 
this experiment. The data in regard to growth are so consistent, how- 
ever, that it would seem that the effect of the height of head on the 
growth and yielding capacity of the trees is fairly clearly defined. 
This is especially true when it is considered that the results of this 
experiment substantiate those secured by Wiggans (6), and Howe (2), 
- and the observations of Chandler (1). 

Wiggans (6), in reporting on the growth made by similar trees 
which had been headed at different heights, says that, from the very 
beginning, the low-headed trees produced shoots which were much 
longer, and at the same time formed a larger number of branches than 
did the high-headed trees. Although no counts or measurements were 
made in the West Virginia experiment, it was observed that the low- 
headed trees produced more shoots, and also longer and stockier 
shoots, than the trees headed higher. This was especially true as the 
trees became older, since the trees headed at five feet grew in a manner 
similar to trees several years older; that is, the length of growth and 
the comparative diameter of the shoots were reduced. 

Howe (2) used nine different varieties in testing the effect of high 
and low heads on growth and fruit production. He reported that, at 
the end of the first ten-year period, the low-headed trees were consid- 
erably larger in actual size, and more vigorous and stocky than the 
high-headed trees, and further that the low-headed trees of each 
variety bloomed and set fruit about one year earlier than the high- 
headed trees. Every variety but one yielded more fruit when the trees 
were headed low. Ie states that ‘‘the results indicate an economical 
advantage in the practice of low-heading due to increased yields and 
greater ease in orchard operations, and advances the opinion that, 
unless considerable care is taken in the formation of high heads, the 
larger amount of wood that must be removed may impair the vigor of 
the trees and check their development. 

Under the conditions of the West Virginia experiments this opin- 
ion could hardly be true, as there was very little difference in the 
percentages of the total growth removed from the high- and the low- 
headed trees. Certainly the great difference in size of trees cannot be 
explained entirely on the basis of the dwarfing effect of pruning. 
There are apparently several factors operating, which taken together 
cause the wide variation in tree size. 

Chandler (1) thinks that the large amount of pruning necessary 
to obtain a high head, and the injury which the young high-headed 
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trees suffer from bending about during early summer are responsible 
for the rather marked differences in the trees. 

Numerous investigations in pruning have shown that the pruning 
of young trees dwarfs them to a degree dependent on the severity of 
the pruning. In this experiment, it was not necessary to prune the 
high-headed trees much more severely than the low-headed ones to 
form a high head. Certainly, the small difference between the amount 
of wood removed from the high- and the low-headed trees is too small 
to account for the differences existing in the size of the trees. It should 
be pointed out again that the trees in this experiment were planted as 
one-year old whips and were headed at the desired height at the time 
of planting. In this way, the main scaffold branches were produced 
at the height desired with a minimum amount of pruning. Had all the 
trees been headed at the same height at the time they were planted, 
and the high heads formed later by removing the lower limbs, more 
severe pruning would have been necessary. This, in view of the 
present knowledge of the dwarfing effects of pruning, would probably 
have caused wider differences in the size of the trees than actually 
resulted. 

As an advantage of low-heading, it is claimed by some investiga- 
tors that trees so headed do not grow as tall as if they had been headed 
higher. This claim is not borne out by the results of this experiment, 
since only a part of the bearing surface of the low-headed trees was 
lower than that of the trees headed higher. Considering the actual 
height of the trees, the low-headed ones grew as tall as those headed 
highest. The striking fact brought out by the data is the uniformity 
of the height of the trees regardless of the height of head. The great- 
est difference in the trees with different heights of heads was in the 
breadth and not in the actual height of the top. The low-headed trees, 
particularly of the Rome variety, developed much wider tops than 
those headed higher (See Table 8). 

The height of head had no influence on the general type of tree as 
each variety maintained its usual characteristics. The high-headed 
trees had a tendency to bend and lean due to the influence of the pre- 
vailing winds. This was not so noticeable with the low-headed trees. 

In so far as cultivation is concerned, no difference between the 
high- and the low-headed trees was found, other than that usually 
experienced with larger trees. The implements used in cultivation 
were those commonly employed in the average orchard. Other oper- 
ations such as pruning and spraying were facilitated by the low-headed 
trees, and, no doubt, when the trees begin to bear heavy crops, harvest- 
ing operations will be easier. 
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CONCLUSIONS 


From the data presented it must be concluded that low-headed 
trees make more shoot growth, and larger gain in trunk diameters 
than high-headed trees. Low-headed trees, as a result of this greater 
growth, have a larger bearing area than the high-headed trees. At 
the end of nine years, there was no appreciable difference in yield for 
the trees of different heights of heads. The trees were still too young, 
however, to expect much in fruit production. Judging by top area, 
it would appear that the low-headed trees will likely outyield the 
high-headed trees in the near future. 


RECOMMENDATIONS TO GROWERS 


There are considerable variations in the recommendations of hor- 
ticulturists, and in the practices of commercial fruit growers, in regard 
to the height of heading young apple trees. Several important factors 
are considered in these recommendations and practices, such as ease 
of spraying, picking, pruning, thinning, prevention of winter injury 
to the tree trunk, and soil temperature. 

The height at which the trees are headed should be determined, 
in a large measure, by the importance that the grower places on one 
or more of the foregoing factors. After all, over emphasis may be 
placed on some factor because of the grower’s likes or dislikes, 


If there is any difference, in tree growth and capacity to bear large 
erops, between high- and low-headed trees, the height of head which 
produces the largest tree in the shortest time should be given first con- 
sideration. It should be the aim and desire of the commercial grower 
to produce a tree as large as possible, which is capable of bearing 
maximum quantities of high grade fruit, in the least time. It is 
believed by the writer that this may be best accomplished by heading 
the trees low, preferably from one foot to two feet from the bud or 
graft. 
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Lime for West Virginia Farms 


In this day when we are all thinking in terms of the community 
it behooves us to give more time and attention to those things which 
will be of must profit to all the people of the community. This is 
particularly true of the problem of liming our soils. 


West Virginia Soils Need Lime 


During recent years more than four thousand representative 
West Virginia soils have been analyzed by the West Virginia Agri- 
cultural Experiment Station. Of these, 95 per cent showed a lime 
requirement ranging from five hundred pounds to five tons per acre. 
Only 5 per cent showed a lime requirement of less than five hundred 
pounds. Even in the limestone sections of Berkeley and Greenbrier 
counties more than 70 per cent of the soils analyzed were found to be 
in need of lime in excess of five hundred pounds per acre. In brief, 
this means that the chances are 95 to 5 that one can produce better 
crops by an application of lime to the soil. 


Lime on Crop Land 


On many soils good clover crops can no longer be grown. Due 
to the acid condition which has developed in the soil, one finds 
growths of sorrel, poverty grass, redtop, cinquefoil, and briars, in- 
stead of the old time clover. Lack of a proper crop rotation witn 
provision for the regular and systematic incorporation of organic 
matter, fertilizer, and lime has brought this about. Lime is the 
starting point for the rebuilding of these soils. There is abundant 
evidence that this rebuilding can be done at a profit. There are 
demonstrations of this in many communities of the state. Figures 
1 and 2 show such a demonstration on the farm of D. W. Coffield 
near Wheeling, West Virginia. 

The West Virginia Agricultural Experiment Station, and experi- 
ment stations in adjoining states have conducted experiments in the 
use of lime on which very careful data has been kept. Data from 
the sub-station at Maggie, West Virginia, in 1925 showed increases 
in yield of corn, wheat, and hay, resulting from the use of lime as 
given in Table 1. 
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Fig. 1.—Worn and Unproductive Clay Soil. 


TABLE 1.—Yields of Corn, Wheat and Mixed Hay With and With- 
out Lime at the Maggie Sub-Station in 1925. 


Yield in Bushels or Tons 


Treatment 
Corn (bu) Wheat (bu) Hay (tons) 
Lime* <: 67.0 | 22.0 2.32 


No Lime 60.1 18.3 1.85 


*Lime was applied at the rate of two tons of ground limestone per acre. 


An experiment conducted at the Ohio Agricultural Experiment 
Station, gave results so closely in accord with West Virginia results 
that attention is here called to it.* The experiment was begun in 
1900 and is still in progress. The crop rotation used is corn, oats, 
wheat, clover, and timothy. Table 2 gives the yields on both the 
limed and unlimed areas and the gain for lime. The application of 
lime has been the equivalent of two tons of ground lhmestone per 
acre for each rotation or every five years. The data given are for 
the five year period from 1914 to 1918 inclusive. Using a value of 
$1.00 for corn, $0.50 for oats, $1.50 for wheat per bushel, and $20.00 
a ton for hay, a return of $16.00 for the equivalent of each ton 
of ground limestone used is obtained. Practice has shown that 
West Virginia farmers may expect similar results. 


*Ohio Agricultural Experiment Station, Wooster, Ohio, Bulletin 336. 
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Fig. 2.—Soil Adjoining That Shown in Figure 1 and Formerly in the Same 
Worn Out Condition. A Bumper Crop of Sweet Clover Is the Result of Proper 
Applications of Lime and Acid Phosphate. 


Will Lime Take the Place of Fertilizer 


A good many farmers hold the impression that where lime is 
used an application of fertilizer is not necessary. This is wrong. 
Lime is not a direct fertilizer and is seldom needed as a plant nutrient, 
there being an abundance of lime in the soil for this purpose. 
Lime has a tendency to sweeten the soil, improve its mechanical 
condition, and make it a more favorable medium for the development 
of bacteria. 

The operation of these factors increases chemical action render- 
ing plant food: more available. However, they cannot increase the 
total supply of mineral element in the soil. Maximum yields cannot 
be obtained from the use of lime alone. This point is well shown 
in the Ohio experiment just referred to and summarized in Table 
2. One series of plots received no treatment, another series received 
lime only, and a third series received both lime and fertilizer. The 
third horizontal line in Table 2 gives the yield for lime and fertilizer, 
and the fifth line gives the gain for fertilizer when used on limed 
land. 

From Table 2 it is evident that lime pays even on unfertilized 
land but as shown by the figures at the bottom, maximum returns 
cannot be obtained without the application of fertilizer in some form 
in addition to lime. 
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TABLE 2.—Average Yield per Acre of Various Crops Under Differ- 
ent Treatments as Obtained at the Ohio Agricultural 
Experiment Station, Wooster, Ohio. 


Yield in Bushels or Pounds 
Treatment Corn Oats Wheat Clover Timothy 
Bushels Bushels Bushels Pounds Pounds 

Untreated 21.45 35.24 11.67 638 | 1339 
Lime only | 28.03 45.28 16.96 1338 2194 
Lime and 

fertilizer 45.95 58.46 29.84 et 2297 2865 
Gain for 

lime only 6.58 10.04 5.29 700 855 
Gain for fertilizer i 

over lime alone 17.92 13.18 12.88 959 671 


Lime on Pasture Land 


With the increase in land values, taxes, labor costs, fence costs, 
and miscellaneous expenses, and in many cases, the decrease ini the 
carrying capacity of pastures, West Virginia farmers since 1900 have 
been rapidly approaching that point when the pastures no longer pay 
any profit. During recent years many farmers have seen ths and 
have taken steps to improve their pastures and thereby increase 
their returns. 

In. 1910-Mr: GC. @>Lewis “ot Point Pleasant, West Virginia, 
started an experiment in pasture improvement. One-half of a pasture 
adjoining the highway was limed with one ton of burned lime per 
acre. Today, sixteen years after the application, anyone passing 
the field during the growing season can readily see the line marking 
the extent of the lime. The carrying capacity of the limed area was 
increased by 50 per cent or more and remained so for at least ten 
years. The difference is less evident today, but there is no doubt 
that each dollar invested in lime on this pasture has given excellent 
returns. 

In 1923 an experiment was begun at the West Virginia Agricul- 
tural Experiment Station at Morgantown, one of the objects of which 
was to determine what increase might be expected from the use of 
lime on pasture land. The experiment is still in progress. 

The land used for this experiment is a sandy loam hillside of 
the Dekalb series. It was so poor as to be practically worthless. 
This is shown by the fact that the untreated check plots produced 
only 429 pounds of dry grass per acre. These figures are probably 
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a little low due to the fact that the grass was mown. Stock might 
have nipped it a little closer. Where lime was used the yield was 
723 pounds and where lime and acid phosphate were used the yield 
was 993 pounds per acre. This represents an increase of 68 per cent 
for lime alone and 131 per cent for lime and acid phosphate. Both 
the lime and acid phosphate were harrowed in lightly. Returns were 
not so good where harrowing was omitted. This was especially 
true for the acid phosphate. These and other tests and experiments 
leave little room for doubt concerning the general advisability of 
applying lime tc many of our pastures, especially in connection with 
acid phosphate. 


Kinds of Lime to Use 


All liming material does not have the same neutralizing power; 
that is, 1120 pounds of freshly burned lime will neutralize as much 
soil acid as 2000 pounds of ground limestone. Liming recommenda- 
tions are generally made in terms of ground limestone. The amounts 
of other materials which might be used in the place of 2000 pounds 
of ground limestone are: 


Burned lme—1120 pounds 

Hydrated lime—1480 pounds 

Air slaked lime—2000 pounds 

Marl (dry)—2000 pounds 

Marl (freshly dug or wet)—2500-3000 pounds 

Oyster shells (ground)—2000 pounds 

Wood ashes—2700-3500 pounds 

The more finely limestone is ground the more quickly will :t 
neutralize an acid soil. Experiments indicate that for best results 
limestone should be of such fineness that 95 to 100 per cent of it will 
pass through a screen with ten meshes to the inch and 40 per cent 
through a screen with a hundred meshes to the inch. 

All forms of lime should be bought on the basis of a guarantee 
of purity which is usually indicated by the sum of the percentages 
of calcium and magnesium oxides. To compare prices on two or 
more kinds of lime, divide the price per ton plus the cost of hauling 
by the percentage of total oxides. This gives the delivered cost per 
unit (1 per cent or 20 pounds) of oxide. The purity of raw or ground 
limestone and marl is frequently stated as percentages of calcium and 
magnesium carbonates. In this case it is necessary first to express 
the total percentage of these carbonates as the total percentage of 
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the corresponding oxides by multiplying by 0.56, before dividing the 
price per ton by the total percentage, in order to compare the prices 
of these materials with burned or hydrated lime. 

For example let us suppose materials to cost per ton delivered 
at the farm as follows: 


Ground Limestone $6.00 
40 per cent magnesium carbonate 
55 per cent calcium carbonate 


95 per cent total carbonates 


Hydrated Lime $12.00 
70 per cent total oxides 


Freshly Burned Unslaked Lime $9.00 
90 per cent total oxides 


In the case of ground limestone: 95 times .56 equals 53.2 per 
cent total oxides, $6.00 divided by 53.2 equals 11.2 cents cost per 
unit. 

In the case of hydrated lime: $12.00 divided by 70 equals 17 
cents cost per unit. 


In the case of freshly burned lime: $9.00 divided by 90 equals 
10 cents cost per unit. 


On the basis of these assumed or arbitrary costs it appears that 
freshly burned lime is the cheapest. This may not be true in some 
cases in dealing with actual costs. One should also consider the 
agreeableness of handling. Freshly burned lime is of course objec- 
tionable in this respect. In the case of ground limestone and marl 
a guarantee of fineness should be required and taken into considera- 
tion in comparing different materials. 

How much lime per acre? The answer to this question depends 
upon the acidity of the soil, the crops to be grown, and the cost of 
the lime. West Virginia soils vary in the amounts of lime needed 
from none to five or six tons of ground limestone per acre. Before 
investing in lime have a sample of your soil tested by your county 
agent. 

Crops differ in their response to liming. The increases in per 
cent over the unlimed plots for the crops grown in the West Virginia 
and Ohio experiments previously mentioned have been as follows: 
clover 46, timothy 38, wheat 20, corn 18, and oats 12. Alfalfa needs 
more lime than red clover, while soybeans do reasonably well on soils 
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Amounts to Use 


which are too sour to grow clover. For the general farm where it 
is desired to grow clover and where the cost of lime is not great 
a first application of two tons of ground limestone or its equivalent 
per acre with later applications of one ton every six years is about 
right for the average West Virginia soil. Asa rule the first thousand 
pounds of limestone applied gives a larger net return than the second 
thousand pounds, the second gives more than the third, and so on. 
In many cases applications of a thousand pounds of ground lime- 
stone have brought good clover where none grew before. Where 
the cost of getting lime to the farm is excessive, small applications 
should be the rule. After the response to lime has been determined, 
larger applications may be made if desired. 

Maximum returns, however, cannot be expected unless liming 
be made a definite part of the soil improvement program, and lime 
be applied as needed in connection with the use of organic matter 
and fertilizer in a good rotation. 

There are some locations in West Virginia where ground lime- 
stone, refuse lime, or marl, may be obtained at a low cost. In such 
cases larger applications than those recommended above may be 
used. 

On pasture land best returns are generally obtained when the 
application of lime is at the rate of about two tons of ground lime- 
stone or its equivalent per acre, together with three hundred pounds 
of acid phosphate. This is best “harrowed in” lightly where con- 
ditions permit, but may be used as a top dressing and left to incor- 
porate itself. Where the stand of grass is not good it is advisable 
to reseed before harrowing with a good pasture mixture such as ten 
pounds Blue grass, five pounds Orchard grass, three pounds Red 
top, two pounds Japan clover, and two pounds White Dutch clover. 


When and How to Apply 


Probably the best time to apply lime on crop land is when one 
has time to apply it and the condition of roads and fields make 
hauling easiest. This is generally after harvest on sod lands. How- 
ever, where light applications are being made or where lime is being 
used for the first time better results may be obtained by putting 
the lime on plowed ground before harrowing. Thus ‘the lime may 
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Fig. 3.—Clover Demonstration on Farm of Jesse Bean, Hardy County. 
This Plot Received no Lime. 


be more thoroughly incorporated in the soil. Suitable times for such 
applications are in the fall before seeding winter grain and in the 
spring before corn is planted. 

On pastures early spring applications give good results. 

The use of a spreader, preferably one of the forced-feed type 18 
the easiest and best method of spreading most forms of lime. There 
is also a spreader that may be attached to the rear of the ordinary 
farm wagon that some farmers like especially for refuse lime which 
does not feed well through the ordinary forced-feed type. Limestone, 


marl, and refuse lime, are frequently spread with a manure spread- 
er. This is easily accomplished by first putting on the bed of the 
spreader a layer of straw or manure. 

Unground burned lime (lump or stone lime) is preferably placed 
in piles in the field to slake and then spread with a shovel. One 
bushel of lime per pile with piles forty feet apart each way will 
make an application of one ton per acre. 

It is customary with this practice to cover the piles with a 
little soil for two or three weeks when the lime will be found to 
have taken on a finely powdered condition and is easy to spread. 


Home-made Spreader 


There are a number of good spreaders now on the market and 
generally it is cheaper in the long run to buy one than to attempt 
to make one at home. The farmer who is skilled with tools, how- 
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Fig. 4.—This Plot Adjoins that Shown in Figure 3 and Received Ground 
Limestone at the Rate of Two Tons per Acre. The Girl in This Picture Is on 


Her Knees. 


ever, and is convenient to a blacksmith shop can make a very satis- 
factory spreader and probably save some money. The following 
directions are given by Dr. Cyril G. Hopkins (deceased), of the 


Illinois Agricultural Experiment Station.* 


“Make a hopper similar to that of an ordinary grain drill, but measuring 
8 1/4 feet long with sides at least 20 inches wide and 20 inches apart at the 
top. The sides may be trussed with 3/8 inch iron rods running from the 
bottom at the middle to the top at the ends of the hopper. Let the bottom 
be 5 inches wide in the clear with 2 inch holes 5 inches between centers. 
Make a second bottom to slide under the first on straps of iron 10 inches 
apart, which should be carried from one side to the other under the hopper 
to strengthen it, also with holes to register. Both bottoms may be of sheet 
steel or the lower one may be of hard wood, reinforced with strap iron if 
necessary. 

“To the lower and movable bottom attach a V-shaped arm projecting an 
inch from under the hopper, with a half-inch hole in the point of the V, in 
which drop the end of a strong lever, bolting the lever loosely but securely 
to the hopper with a single bolt, and fasten to the top of the hopper a guide 
of strap iron in which the lever may move to regulate the size of the opening 
by sliding the lower bottom. Make a strong frame for the hopper, with a 
strong, well braced tongue. 

“Take a pair of old mowing machine wheels of good size, and with strong 
rachets in the hubs, and fit these to an axle of suitable length (about 10 feet) 
and 1 3/8 or 1 1/2 inches in diameter. The axle should be fitted with journels 
bolted to the under side of the frame. Make a reel to work inside the hopper 
by securing to the axle, 10 inches apart, short arms of 3/8 inch by 3/4 inch iron 
and fastening to these arms four slats or beaters of 5/8 by 3/4 inch iron about 
an inch shorter than the inside of the hopper, the reel being so adjusted that 
the beaters will almost scrape the bottom but will revolve freely between the 
sides. The diameter of the completed wheel is about 5 inches and it serves 


as a force feed.” 
*Cyril G. Hopkins, “Ground Limestone for Southern Soils,’ page 14. 
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Commercial Sources of Lime 


Generally it is possible for commercial lime companies to pro- 
duce a cheaper and better liming material than can be made at 
home. It is, therefore, advisable to first investigate the commercial 
sources. A list of commercial firms supplying lime to farmers in 
this state may be had by application to the Agricultural Extension 
‘Division, College of Agriculture, Morgantown, West Virginia, 


Home Production of Liming Material 


Many West Virginia farms are a considerable distance from 
the railroad. This necessitates a long haul from the railroad to the 
tarm. This long haul, frequently over bad roads, together with 
freight charges make the cost of commercial lime so high that home 
production is more advisable. This is, of course, conditioned upon 
an available supply of good limestone. 

The home production of pulverized limestone is more or less 
common in many sections of the state. A careful checking of ail 
items of expense indicates that the average cost of such producticn 
is probably close to $3.00 per ton. 

A few years ago the Ohio Experiment Station made some tests 
in which they were able to produce home pulverized limestone at 
slightly more than $2.00 a ton. Under present conditions in West 
Virginia such a low cost is quite the exception. 


Fig. 5—A Good Portable Pulverizer for Individual or Communi 
nity Use. 
Capacity 15-20 Tons per Day. Power Required 8-16 or 10-20 Tractor. aa 
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The home product is generally not quite so good as the com- 
mercial product but is very satisfactory and numerous farmers re- 
port excellent results from its use. The chief drawback to home 
pulverizing is in the cost of equipment and the little use of it during 
the greater part of the year. This can be largely overcome by one 
man pulverizing for the community or by the community purchasing 
and operating the equipment. A list of manufacturers of pulverizing 
machinery will be furnished upon application to the Agricultural 
Extension Division, College of Agriculture, Morgantown, West 
Virginia. 


Building and Burning the Lime Stack 


The lime stack is intended for use where the more permanent 
draw kiln cannot be constructed to advantage, or where only a 
limited suppiy is desired for a year or two. 

To build a lime stack, first lay down a rectangular foundation 
of logs and poles (up to fifteen inches in diameter) in regular order 
side by side large enough to hold the stone and coal. When fin- 
ished the stack should be not more than eight feet high nor more 
than twenty feet wide. If a larger stack is desired, increase the 
length. A few feet in from each end or side (depending on direc- 
tion in which logs are placed) leave a couple of the logs a little farther 
apart than the others and fill in with finer wood and kindling. These 
spaces are to serve as flues to carry the fire through the stack. At 
the ends of each flue add more kindling and cover each by setting 
two stones on edge with a third over the top. This covering is to 
prevent dirt and coal from falling down and closing the ends of the 
flues where the fire is to be started. Place over this foundation 
plenty of dry material, such as fence rails, chips, corn cobs, and 
brush. For general arrangement of the foundation, see Figure 10. 

Next put on a layer of limestone about three inches deep and 
made up of pieces not more than three inches in diameter. This 
layer should come within a few inches of the outside of the wooden 
foundation. Cover the stone with just enough coal to hide it, fine 
coal being preferred. Continue alternating layers of stone with layers 
of coal as follows: 


Thickness of Stone Diameter of Stone 
Courses Layer in Inches in Inches 
inc hee ae eee ae ee See een Soa Sees : 
Second See ee en ae ae : ie eR ee ei en 2 
ni ide eee ae ee CMe ns re in 
INOULUDE ase S=— = — === — == —— Tee oo ; 
SiGe ee a ea ea a SSS EE 
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Fertilizer and Lime Plots on One of the Agricultural Experiment 
Station Farms, Morgantown, West Virginia 


— 


eae » Ss oye 
aN SS SG. : 38 a wn 


Fig. 6—No Treatment; 100 Fig. 7.—Lime Only; 750 Pounds 
Pounds Hay per Acre. Hay per Acre. 


Any additional layers should be the same thickness as the last 
As the stones become larger toward the top a greater proportion 
of coal will be required to cover them; therefore, the thickness of 
the layer of coal should be reduced so as to have the same ratio of 
coal to stone as in the first layer. The area of each succeeding layer 
on the stack should also be reduced and no large stones should be 
used near the outside. Finally, a thin layer of coal should be put 


over the outside, and the stack should be banked with from five 
to nine inches of earth from the ground up one-third to one-half the 
height of the stack. Care should be used not to close or destroy 
the stone projections of the flues. 


Size of Stack to Build 


The size of the stack will, of course, be determined largely by 
the amount of lime desired. One long ton of coal used in a large 
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: = So AS é : ” 
Fig. 8.—Lime and _ Fertilizer; Fig. 9.—Lime and Manure; 7400 
5800 Pounds Hay per Acre. Pounds Hay per Acre. 


stack will produce about three and a half tons or ninety bushels of 
stone of “caustic” lime. In a small stack forty bushels of coal may 
be required to produce a hundred bushels of lime. Therefore, if it 
is desired to produce fifty tons of lime about fifteen long tons of 
coal will be needed. In volume, a stack of this size, will require 
about 420 bushels (165 wheelbarrowfuls of 200 pounds each) of coal 
and 1470 bushels (600 wheelbarrowfuls of 300 pounds each) of 
limestone. A stack with a foundation 16 by 20 feet will produce 
500 bushels. From these figures one may readily determine the 


size of the stack desired. 


Burning the Stack 


When ready to fire, pour a liberal quantity of kerosene on the 
kindling in the two flues on the windward side and set on fire. As 
soon as the fire is well started close the unused flues at the opposite 


end. 
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Fig. 10.—The Lime Stack Ready for the Covering of Fine Coal. 


Loose soil should now be made in readiness along the sides of 
the stack and as the fire approaches the uncovered portion near the 
top of the stack throw on more dirt, keeping the covering just ahead 
of the fire until the entire stack is covered. Also watch for and 
promptly cover any cracks resulting from settling. If the stack 
burns too rapidly bank it with more dirt. 

After the stack has finished burning and the lime is cool enough 
to haul, it may be taken to the field and placed in small piles to 
slake. After slaking it is ready to spread. A bushel of this stone 
lime weighs eighty pounds and from this the rate of distribution 
can readily be determined. A couple of shovelfuls of dirt thrown on 
each pile when put in the field will absorb much lime dust and make 
spreading more agreeable. If more convenient, the lime may be 
water-slaked in the stack, and then spread directly when hauled toa 
the field. This is particularly desirable in case a spreader is to be 
used. Proper slaking will require from four to eight barrels of 


water depending on the size of the stack. This should be poured in 
openings made in the top of the stack. 
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Fig. 11—A Type of Wood Burning Lime Kiln now Largely Replaced by 
the Stack.* 


Construction of the Lime Kiln 


The permanent lime kiln is particularly adapted to sections that 
have limestone and coal! convenient and where it is desired to pro- 
duce a considerable quantity of lime each year for a period of three 
or more years. The initial cost of the permanent kiln is greater than 
that of the lime stack but production is easier and cheaper than with 
the stack. 

To construct such a kiln in which either coal or coke alone or 
either of these in combination with wood are to be used as fuel, 
select a hillside as near the fuel and limestone supply as possible. 
The ideal location is where the stone is above the site selected and 
can be worked down hill to the kiln and the fuel can easily be gotten 
to the kiln (see Figure 12). Dig back nearly horizontally (a slope 
of one inch to the foot makes it much easier to remove lime when 
drawing) into the hill so far as is necessary to get a vertical distance 
to the surface of about 15 feet. If this is impossible filling 
in above the kiln later will give the same advantages. The excava- 
tion should be about eight feet wide from the top down to a distance 


*For more complete description of this type of kiln see Extension Circular No. 174, 
College of Agriculture, Lexington, Ky. 
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of seven feet from the bottom (see Figure 13, line AA). From this 
point down it may be gradually narrowed in from the back and rear 
half of each side till a width of about four feet remains at the base, 
as shown in Figure 13, line BB. A circular hopper (the kiln proper) 
resembling an inverted jug is to be constructed in this excavatior, 
the back corners, therefore, need not be dug out. 

| Within the limits of the base as shown in Figure 13, line BB, 
dig a ditch six inches deep at the rear of the excavation and twelve 
inches deep at the front and in this begin a wall (see Figure 14). 
The depth is greater in front to avoid the effect of frost. Continue 
the ditch and wall across the front and back toward the hill as shown 
in Figure 14. The thickness of the wall and other dimensions will 
be determined somewhat by the material used and size and location 
(i kiln, but for greatest convenience, the enclosed area as shown in 
Figure 14, should not be less than, and approximately as follows: 
A to B and C.to D each == 24 inches: A’ te. © and] Br to We erch 
=36 inches; C to E and D to F each=8 inches; E to Gand F to 
each=78 inches; G to H=60 inches; G to I and H to K each=66 
inches; and I to S and K to M are determined by the grade of the 
hill. When this wall has been brought on a level with bottom of the 
main excavation, place in the back of this V shaped opening and 
sloping toward the front a piece of boiler plate so as to rest on the 
ground and lap over the edge of the wall at the rear and both sides 
and reach forward four feet or more. Continue the wall on top of 
this boiler plate twenty-four inches where heavy stones or iron bars 
should be placed across the opening from C to D (see Figure 
12). Build the wall twelve inches higher but this time across 
the bars at C-D leaving the section C-A-B-D untouched. Now 
drop back toward the front of the opening twelve inches from 
where the first bars were placed and lay others in the same manner 
(see Figure 12). Again add to the wall but build only to the second 
set of bars and then across these. Continue this building and drop- 
ping back, making the distance a little greater each time until a last 
set of bars are placed across the opening about six to seven feet from 
the ground at G-H. Then build across these and continue the wall 
to the height of the kiln as shown in Figures 12 and 14. It will be 
found advisable in most cases to build the interior, or hopper, of the 
kiln at the same time as the outside retaining wall. To do this begin 
at the twenty-four-inch square opening left when the first bar was 
placed across the opening through which lime is removed and build 
a hopper shaped like an inverted jug, the greatest bulge of which 
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Fig. 12.—Vertical Section of Kiln. 


Passage to mouth of hopper through which lime is removed. 
Hopper or kiln proper. 

Front retaining wall of any type of stone. 

Fire brick or sand stone lining to kiln. 

Hill serving as back retaining wall. 

Iron bars supporting ceiling over passageway. 

Wood beams serving same purpose. 

Dirt filling between kiln and front retaining wall. 

Mouth of kiln through which lime is removed. 

Opening at top through which stone and fuel is fed. 


AW GOA OOM > 


will come about seven feet from the boiler plate (see Figure 12). The 
hopper should be about five and a half to six feet in diameter at the 
greatest bulge, five to five and a half feet at the top, and have an open- 
ing twenty-four inches square at the bottom. As the walls of the kiin 
are built up dirt should be filled in and packed hard between the 
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Fig. 13.—View of Excavation. Line AA Shows Outline of Excavation 
from Surface Down to Seven Feet from Base. Line BB Shows Outline of Base. 
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hopper and outside retaining wall. When these have been brought 
to the desired height the kiln is completed. The greater the height 
of the kiln the greater will be its daily capacity. Variations from 
the above dimensions will make no material difference if the open- 
ing at the base is kept large enough and the dimensions are kept in 
proportion. 

A cheaper and more temporary kiln can be constructed after 


this same plan by substituting logs for stones in the front and side 
wall, as shown in Figure 15. The kilns shown in this figure are not 
over ten feet high. 


Sandstone or fire brick must be used in the hopper of the kiln 
and about the mouth, since limestone would soon burn out. For this 
purpose about 4000 standard fire brick for a nine-inch lining will be 
required. The standard size of a fire brick is 2% by 4% by 9 inches. 


About 800 pounds of fire clay to each 1000 bricks will also be re- 
quired. 


Burning the Kiln 


The permanent kiln constructed, the next step is to prepare the 
fuel and stone and fire it. 

In starting the kiln observe the following steps. 

1.—Put a generous supply of kindling in the bottom of the kiln. 

2.—On top of this place six feet of wood (about one cord). 

3.—Put on a layer of six inches of limestone broken into picces 
the size of a quart cup or smaller. 

4.—Add just coal enough to cover the stone. 

5.—Put on another layer of ten inches of stone. 

6.—Add coal as before. 

7.—Put on twelve inches of stone. 

8.—Add coal as before and continue to alternate as in steps 7 
and 8 until the kiln is full. Fire the kiln and keep it full by continu- 
ing to alternate as in steps 7 and 8. 


In a kiln the size here described 114 to 1% tons of coal will turn 
out 100 bushels of stone lime (quicklime) equivalent to about 634 
tons of hydrated lime. One ton of coke will take the place o1 114 to 
1% tons of coai. 

Wood may be used to advantage with the coal or coke but 
cannot be used alone in this type of kiln since wood burns too rapid- 
ly. Ina kiln of this size, lime should be drawc every three of four 
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Fig. 15.—Temporary Lime Kilns in Use in Greenbrier County, West Virginia. 


kours to get the greatest production. No evil effects other than 
loss of time will result, however, by less frequent Irawings. If it 
is not desirable to keep a man at the kiln over night, or over Sunday, 
fill the hopper well up and shut off draft by closing the opening at 
the base. 

In case the stone comes down unburned when drawing, cut cff 
some of the draft and burn slower. If this does not correct the 
trouble add more fuel. In case over burned stone comes down 
increase the draft, and if necessary, reduce the fuel. When through 
burning empty the kiln or the slaking lime will burst it. 


The Construction and Burning of Kilns When Wood Is Used as Fuel 


There are several types of kilns in which wood can be used 
as fuel. Some of these wood kilns are modifications of the form 
just described for coal. Two fire boxes are built in from opposite 
sides of the kiln along the slope of the hill and open into the hopper 
just below its largest diameter. These fire boxes should be about 
two and a half feet wide by three feet high with an opening into 
the kiln of the same size. A grate should be fitted into the bottom 
of these boxes so that the ashes will drop through and can be re- 
moved. This also gives much better draft and heat. The wood 
kiln, however, is not advisable or practicable in West Virginia ex- 
cept in rare cases. 
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SUMMARY 


The analyses of four thousand soil samples from prac- 
tically all sections of the state indicates that 95 per cent of 
the farm soils of West Virginia need lime. 


Lime may be expected to give returns of four dollars or 
more for each dollar invested in it when used on land where 
needed, and in connection with good cropping and fertilizer 
practice. Lime and acid phosphate applied as a top dressing 
to pastures may be expected to yield excellent profits. 


In some sections it is cheaper to buy material than to man- 
ufacture it at home; in others, roads, freight, and distance to 
hau! make home manufacture of liming material advisable. 


The community and custom pulverizers are giving satis- 
faction in most cases where in use. 


Where only a small amount of lime is needed and there 
is available both limestone and fuel the lime stack is best 
suited to the need. 


Where considerable lime is needed each year and plenty 
of fuel and limestone are available the permanent kiln is bet- 
ter suited. 


Little or no difference should be expected in the returns 
from the use of chemically equivalent amounts of different 
forms of lime. 


Lime does not take the place of fertilizer. 


Generally the best time to apply lime is when there is 
time to do the work and roads and fields are in condition 
to haul over. 


The best rate of application is generally two tons of 
ground limestone or its equivalent per acre for the first appli- 
cation and one ton per acre every six years thereafter. Such 
applications should be based upon the results of soil tests. 


Greatest profits can be expected from the use of lime only 
when it is used in connection with a good crop rotation and 
fertilizing plan. 


id “Ss. February, 1928 
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Varietal Experiments With Tobacco’ 


The production of tobacco in West Virginia is largely confined to 
a section embracing eight counties in the southwestern part of the 
state. These counties are Cabell, Lincoln, Putnam, Mason, Wayne, 
Jackson, Boone, and Kanawha, of which the first three named produce 
approximately five million of the seven and one-half million pounds 
produced annually in the state. 

The varieties of tobacco grown in this section belong, in the main, 
to the Burley type which is used primarily for the manufacture of 
chewing and smoking tobaecos. Inasmuch as no definite experimental 
evidence as to the relative values of the different varieties grown 
in this section was available, varietal experiments were begun in the 
spring of 1922, at the Lakin substation in Mason County. 


EXPERIMENTAL METHODS AND SOURCES OF VARIETIES 


Soil Treatment 


The plots on which the varietal experiments were carried out were 
located on first bottom land near the Ohio River. The soil was a highly 
productive Huntington silt loam which had been in grass for several 
years previous to its use for experimental purposes. The grass sod 
was plowed in 1921 and planted to corn. In two of the four years in 
which the varietal experiments were underway, tobacco followed corn 
and in the other two years tobacco followed oats. 

No fertilizer was applied to the tobacco or to any crop preceding 
it. (The cropping plan followed and the lack of a fertilizer treatment 
are not necessarily recommended practices. This procedure was fol- 
lowed in this case because of certain other experiments under way.) 
In the spring of 1925 a heavy cover crop of rye was turned under for 
tobacco. 

Varieties 


In Table 1 are listed the source of seed and the seventeen varieties 
and strains of tobacco which were tested during the four-year period, 


*The tobacco experiments at Lakin are carried on in cooperation with the Office of 
Tobacco Investigations, Bureau of Plant Industry, United States Department of 
Agriculture. The writers are indebted to Dr. W. W. Garner, Chief of that Office, for 
valuable suggestions and for the photographs used in this bulletin. 

Submitted for publication May, 1926. 
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from 1922 to 1925, inclusive. Seed of most of the varieties was ob- 
tained from the United States Department of Agriculture, Office of 
Tobacco Investigations. Five strains were obtained from the Kentucky 
Agricultural Experiment Station, and one strain from the Huntington 
Tobacco Warehouse. 

The variety designated as W. B. U. V. is a strain of drooping leaf 
Burley, resistant to root-rot, which was developed at the University 
of Wisconsin. The five lots designated as S. B. No. 1, No. 9, No. 9a, No. 
10 Ba, and No. 10 Fa, were, at the time of their introduction, third and 
fourth generation selections made in a cross between W. Bou... Veand 
Judy’s Pride, a strain of Standup Burley. Beinhart is a pure line 
selection of the drooping type of Kentucky White Burley. The strain 
A. 8. 7 is a selection from Vimont-Kelley and is resistant to root-rot. 
The history of the strain grown as Kentucky Selection is not known. 


TABLE 1.—Tobacco Varieties Tested and Sources of Seed with Reaction to 
Root-rot and Character of Growth. 


Reaction Character 

Names of Varieties Sources to of 

or Strains of Seed Root-rot Growth 
Kelley Ky. Exp. Station Non-resistant Standup 
8. B. No. 1 U.S. Dept. of Agr. Resistant Standup 

No. 9 U.S. Dept. of Agr. Resistant Standup 

No. 9a U.S. Dept. of Agr. Resistant Standup 

No. 9Ba U.S. Dept. of Agr. Resistant Standup 

No, 9Fa U.S. Dept. of Agr. Resistant Standup 
Kentucky Selection Ky. Exp. Station Resistant Standup 
ea Ky. Exp. Station Resistant Standup 
Judy’s Pride U.S. Dept. of Agr. Standup 
Pepper Ky. Exp. Station Standup 
Beinhart Sul, 1917 U.S. Dept. of Agr. Non-standup 
W.B.U.YV. U.S. Dept. of Agr. Resistant Non-standup 
Halley U.S. Dept. of Agr. Non-standup 
White Twist Bud U.S. Dept. of Agr. Non-standup 
Red Ky. Exp. Station Non-standup 
Lockwood U.S. Dept. of Agr. Non-resistant Non-standup 
Lockwood Huntington Tobacco 

Warehouse Non-resistant Non-standup 


whereas the 


Table 1 also shows the reaction of some of the strains of tobacco 


c¢ 


Growing the Crop 


to root-rot and the growth habit (‘‘standup’’ or ‘‘non-standup’’) of 
all the strains in the test. The ‘‘standup’’ types have erect leaves, 
non-standup’’ types have more or less drooping leaves. 


The plants for the varietal experiments were produced in the usual 
manner. Seed was sown about the middle of March in a prepared 
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seed-bed at the rate of a scant teaspoonful per 100 square feet of 
surface. The seed was mixed with ashes to facilitate a uniform distri- 
bution in sowing. After the seed was sown the surface of the entire 
seed bed was tramped firmly and then covered with a good grade of 
tobacco muslin. It was necessary, of course, to keep the seed bed well 


watered. The seedlings were transplanted to the plots between June 1 
and 10. 


The plants were grown in rows 31% feet apart and spaced 18 inches 
apart in the rows. During the first three vears of the experiment each 
plot was made up of three rows with fourteen plants per row. Only 
the twelve inner plants of the middle row were harvested for the yield 
data. In 1925 each plot was made up of four rows of the same length 
as in previous years and the yield record was obtained from twenty- 
four plants of the two inner rows. End plants were discarded. In 
1923 each variety was grown in five plots, and in 1922, 1924, and 1925 
in four plots, systematically distributed over the entire experimental 
field. During the latter two years every third plot was used as a 
check. 


When the tobacco on any particular plot was fully matured, the 
stalks were split, cut, and then spudded. Six plants were placed on a 
stick. In this condition, they were transported to a scaffold where 
they remained until well wilted and then were hung in the tobacco 
euring barn. 


Liaise a , ‘alisss 


A scaffold in the field to facilitate the wilting of tobacco. 
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Grading 


Each year the tobacco 
was carefully graded. The 
sticks of tobacco were taken 
to a conditioning cellar un- 
til in proper “case” for 
handling. A sky-light in the 
erading room increased the 
intensity and uniformity of 
the light. 

When the leaves were 
stripped from the stalks they 
were divided into a maxi- 
mum of sixteen different 
erades, dependent on qual- 
ity. The principal grades 
recognized by the Burley 
Tobacco Growers Coopera- / 
tive Association are: A, 
flyings; B, trash; C, lugs; 


: A tobacco plant with a 16-pound manila 
D, bright leaf; E; red leaf; paper bag in place to prevent cross-polli- 


F, heavy tips; F. S., smok- nation. 
ing tip; C. W., cigarette wrapper; and T. W., twist wrapper. Each of 


ims 


these grades, except the ‘‘smoking tip’’ and the two wrappers,’’ is 
divided into seven classes, number one being the best and number 
seven the poorest of a particular grade. In 1925, through the court- 
esy of the Huntington Branch of the Burley Tobacco Growers’ Co- 
operative Association, it was possible to study the general relation be- 
tween the grading of the varieties at the substation and the official 
erading of the same varieties, at Huntington. The results of this 
study are recorded in Table 2. 

The vertical columns in Table 2, numbered from one to sixteen, 
contain the grades of tobacco made at the Lakin substation, and the 
twenty-two horizontal rows, labeled A7, A6, ete., contain the official 
grades of tobacco made at Huntington. Beginning at the upper left 
hand corner of Table 2 the official grades reading from the top down 
and the grades made at the substation reading from left to right are 
arranged in the same order. Although the official grades and the sub- 
station grades do not exactly correspond, the relative position of the 
erades in one system as arranged in the table corresponds with that 
in the other system. In general, the substation grades are somewhat 
more inclusive than the official grades. 
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Under substation Grade 1, 105 samples were found which were 
placed in this grade. This same tobacco at Huntington was placed 
mainly in official grades A7 and A6. Similarly, there were 105 sam- 
ples which were placed in substation Grade 2, and this same tobacco 
was placed chiefly in official grade B6. It is evident from Table 2 that 
in general there was a fairly close agreement between the substation 
grades and the official grades, although considerable variation occurred 
in certain instances. 

In 1925 the difference between the average value of the varieties 
per acre, based on the official grades, and that based on the substation 
grades, was $1.80. Prior to 1925, only the substation grades were avail- 
able and it was upon the basis of these grades that yields and values 
were determined. In view of the correlation of grades by the two 
systems, the yields and values based on the substation grades may be 
considered as a trustworthy index of the yields and values based on 
the official grades. 


Data Collected in 1925 


As has been previously stated, the tobacco produced on each plot 
in 1925 was first graded and labeled, and then shipped to the Hunting- 
ton Branch of the Burley Tobacco Growers’ Cooperative Association 
where it was regarded according to official standards and then sold on 
the leaf tobacco market. The average yield of tobacco in pounds per 
aere and its value for each variety are shown by grades in Table 3. 

In columns 2, 4, 6, and 8 are given the yields per acre in pounds 
for grades A7 and A6, A5, and Ad, respectively. (These yields are 
recorded in round numbers only. On the other hand the values re- 
corded in the adjacent columns were computed by multiplying the 
weight, carried to one decimal, by the auction price per hundred 
pounds, which may be found at the bottom of the table.) Of the four 
classes of tobacco just mentioned, A4 on the average commands the 
highest price on the market. Considering all the classes of the A 
grade (flyings) together, it is apparent that Lockwood (U.S. D. A.) 
and White Twist Bud each produced considerable more tobacco of this 
grade than did any other variety in the test. Beinhart, Judy’s Pride, 
No. 10 Ba, No. 9a, and 8. B. No. 1 each produced somewhat more than 
250 pounds of A grade tobacco. The least amount of this grade of 
tobacco was produced by Pepper which was closely followed by A. 8. 
7 and No. 10 Fa. 

In a similar manner, the yields of the several varieties and strains 
of tobacco, with respect to grades B, C, D, E, and F, might be dis- 
eussed. This does not seem worth while, however, in view of the fact 
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that the data in Table 8 are from only one year’s work. The table is 
published in extended form, primarily to show the different grades of 
tobacco produced by the several varieties in the test. 

The values of the various grades at the time the 1925 crop was 
marketed are also shown. In general, grades A4, B7, B6, B5, B4, B3, 
C4, and C5 brought the highest prices per pound, whereas grades E7, 
F383, F4, and F5 brought the lowest. Considering the last four grades 
together, it may be of some interest to point out which varieties pro- 
duced relatively high and which relatively low yields. Lockwood (U. 
8. D. A.) was the highest producer of the low grades with a total of 
404 pounds, and the Huntington strain of Lockwood came second with 
a total of 379 pounds. The varieties No. 9, No. 10 Ba, Kentucky Selee- 
tion, A. S. 7, Beinhart, and Halley ranged in production of these in- 
ferior grades from 306 to 337 pounds. Two varieties gave low yields, 
namely, Pepper with a total of 163 pounds and Red with a total of 167 
pounds. 

The ratios (expressed in percentages) of the total average yield 
(columns 8, 10, 12, 14, 16, 18, 20, and 22, Table 3) of the aforemen- 
tioned more valuable grades, to the total average yield (column 46) 
of the crop for each variety in 1925, have been calculated and are given 
in the following list, in which the varieties are arranged in a descend- 
ing order with regard to their ratios. In other words, the varieties 
which are named first produced the greatest relative amount of high 
grade tobacco. The varieties together with their percentages of good 
grade tobacco are as follows: Kelley, 58; Pepper, 55; No. 10 Ba, 51; 
Judy’s Pride, 41; No. 10 Fa, 40; No. 9, 37; A. S. 7, 33; Lockwood (U. 
S. D. A.), 31; W. B. U. V., 30; Lockwood (Huntington), 30; Beinhart, 
28; Kentucky Selection, 28; No. 9a, 26; Red, 22; 8. B. No. 1, 21; Hal- 
ley, 18; and White Twist Bud, 13. It is apparent that in 1925 Kelley, 
Pepper, and No. 10 Ba produced the highest percentages, by weight, 
of the better grades of tobacco. 


DATA COLLECTED DURING FOUR YEARS 


It has already been stated that in 1922, 1923, and 1924 the several 
varieties and strains of tobacco in the experiments herein reported 
were graded only at the Lakin substation. The tobacco on each plot 
was graded and the weight of each grade determined in a manner 
similar to that followed in 1925. Each grade was given a value based 
on current market prices for that particular year. In this way the 
data were recorded and collected in a table each year somewhat like 
Table 3 except that the yields and values were based on the tobacco 
grades made up at the substation. 
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The total average yield of tobacco in pounds per acre and the 
estimated total value for each variety, for each of the three years 
1922, 1923, and 1924, are brought together in Table 4. In the same 
table are shown the total average yields and the actual values of the 
1925 crop, based on the official grades, on the Huntington market. 


In column 1 of Table 4 the varieties and strains of tobacco are 
arranged according to the values of their average annual yields, which 
are recorded in column 11. The average annual value for any par- 
ticular variety was obtained by adding together the yearly values of 
that variety recorded in columns 3, 5, 7, and 9 and dividing the sum 
by four. The average yields in column 10 are obtained in a similar 
manner. The value per hundred pounds of tobacco (column 12) for 
any variety was computed by dividing the average value of that 
variety by its average yield in pounds and multiplying the quotient 
by 100. 

Considering the varieties which were grown for four years, it is 
apparent from column 11 that there were four of them whose yields 
had an average annual value somewhat greater than $500 per acre. 
These varieties were White Twist Bud, Red, Pepper, and Kelley, of 
which, the first named variety had considerably the highest value. 
The three varieties with the lowest average annual value were No. 
10. Fa, W.oOB. UU. voxand No. 9, 


The rank of the four varieties which gave the highest average 
yields (column 10) is the same as their rank with respect to average 
annual values. The average yield per acre of White Twist Bud (a 
heavy dark tobacco) was 2,264 pounds; of Red, 2,144 pounds; of 
Pepper, 2,043 pounds; and of Kelley, 2,016 pounds. The first two 
varieties gave average annual yields of more than 100 pounds in excess 
of the last two varieties. 


With respect to average values per hundred pounds of tobacco 
(column 12), Kelley ($25.00) ranked first, Pepper ($24.73) second, Red 
($23.66) third, and White Twist Bud ($23.55) fourth. It should be 
noted that the rank of these four varieties with respect to average 
values per hundred pounds is just the reverse of what it was with 
respect to average yields (column 10) and average values (column 
11). The extreme difference in the average values per hundred pounds 
of the four varieties is $1.41. 


Beinhart was grown in only three of the four years in which the 
experiment was under way, but in each of those three years it ranked 
near the top with respect to yield and value. 
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CONCLUSION 


Under the conditions of the tobacco varietal experiments described 
in this bulletin, the varieties White Twist Bud, Red, Pepper, and Kelley 
had the greatest average values per acre for the four years the experi- 
ment was under way. Kelley and Pepper were somewhat superior in 
quality to White Twist Bud and Red. 

On the basis of only three years’ work, Beinhart gives promise of 
being a high yielder for the locality in which it was tested. 
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A Study of Correlated Inheritance in a 


Certain Avena Cross* 


The inheritance of quantitative characters is of particular interest 
to the plant breeder engaged in an attempt to produce superior eco- 
nomic plants. More detailed information concerning the manner of 
transmission of size characters in our common crop plants is needed 
to aid in accomplishing crop improvement. It was with the hope of 
contributing something to our present knowledge that a number of 
size inheritance studies in oats were planned a few years ago. The 
results of two of these studies have been published in recent bulletins 
of this station.t A review of the literature pertaining to the in- 
heritance of quantitative characters in oats may be found in these 
bulletins and also in a recent publication of the Pennsylvania Agricul- 
tural Experiment Station.t 

The parent plants, a few F, plants, and a considerable number of 
the F,, and the F, generations of Avena sativa used for this study were 
erown in the plant breeding nursery at Morgantown in 1923. The 
eross was first made in 1921 for the purpose of studying the inheritance 
of resistance to smut and continued as such for three years, but the 
smut epidemic failed to materialize, and since the parents of the cross 
differed with respect to a number of characters, it was decided to use 
the material for an inheritance study of these characters. 


MATERIAL AND METHODS 


The parents of the progeny, whose breeding behavior is described 
in the following pages, were single panicle selections made from the 
varieties Black Mesdag and Gopher. Black Mesdag is a midseason 
oat, highly resistant to oat smut, with black seed and stiff culms. It 
has somewhat broader leaves than Gopher and is inclined to develop 
fewer clums per plant. 

Gopher, a pure line selection made at the Minnesota Agricultural 
Experiment Station from the variety ‘‘Sixty Day,’’ is an early- 
maturing, white-seeded strain with an exceptionally stiff straw. It 
has a somewhat coarser appearance than Sixty Day, and also has 


*Submitted for publication May, 1926. 

+QUISENBERRY, K. S. Correlated Inheritance of Quantitative and Qualitative 
Characters in Oats. W. Va. Agr. Exp. Sta. Bul. 202. 1925. 

7ODLAND, T. BE. The Inheritance of Rachilla Length and Its Relation to Other 
Characters in a Cross Between Avena Sativa and Avena Orientalis. W. Va. Agr. 
Exp. Sta. Bul. 219, April, 1928. 

¢Noutu, C. F. Studies of Inheritance of Earliness in Certain Avena Crosses. Pa. 
Agr. Exp. Sta. Bul. 194. 1925. 
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greater awn development under the environmental conditions at 
Morgantown. It is one of the highest yielding varieties of oats that 
have been grown on the Agronomy Farm at Morgantown. 

These varieties were crossed in the greenhouse, and in 1921, a 
small I’, generation was grown. An F, generation was grown in 1922 
but no notes were taken on the characters discussed in this bulletin 
until 1923, when a considerable number of F, and F’, families was avail- 
able. In addition, a few F, plants and the parents, all grown under 
similar conditions, were also available during this year. 

Just previous to the planting of this material, the seed was 
treated with smut, but, owing apparently to the adverse conditions 
for the development of the fungus, very few plants of the susceptible 
parent became infected. In view of this fact it was decided to use the 
plants for a study of the inheritance of leaf width, number of culms, 
date of heading, and color of seed in their relation to one another. 
The study was continued in 1924 when the seed was not treated with 
smut and somewhat larger F', familes were grown. 

In 1923 the parents and the progeny were grown in rows eight 
feet long and one foot apart, with 85 seeds spaced approximately 
three inches apart in each row. It was necessary to fill out some rows 
with bulk seed, the plants from which were discarded later. The 
plants growing next to the borders were not considered, owing to the 
obvious border influence on development. In 1924 the material was 
grown in rows five feet long and one foot apart, the 25 seeds planted 
per row being spaced at approximately equal distances. Two indi- 
vidually spaced seeds of the Gopher parent were planted at each 
end of the rows to prevent border influence on the experimental plants, 
but were pulled and discarded just previous to heading. The parents 
were grown every twelfth row among the F, families in 1923 and in 
1924. The parents were also grown with the F, generations. In 
1923 the parents and F, families were grown in single-row plots but 
in 1924 they were grown in two-row plots. 

Practically all the notes were taken in the field. Heading notes 
were taken every other day and a plant was considered headed when 
all the spikelets had emerged from the boot on the main culm. Leaf 
widths were determined by measuring in millimeters the width of the 
second leaf (from the top down) at the widest part, which is rela- 
tively near the juncture of the blade with the sheath. The measure- 
ments were taken after the plants were headed, but before the leaves 
became dry. The number of culms and color of the seed were ascer- 
tained at harvest after the plants had matured. Individual plant data 


February, 1928] INHERITANCE IN AN AVENA CROSS 7 


were taken on part of the parents and on the F, and F, generations 
grown in 1923 and on all the material grown in 1924. Number of 
culms and leaf widths were obtained on the F, families grown in 
1923, but no attempt was made to keep the notes of individual plants 
separate. ; 

The soil on which the plants were grown was a DeKalb silt loam 
of medium productivity. It will be shown later that the plot series 
used in these experiments were not as uniform as was desirable. 


INHERITANCE OF DATE OF HEADING 
Preliminary Observations 


In order to obtain some idea of the number of F, plants grown in 
1924 necessary to constitute a random sample, the variability of the 
two F, families with respect to date of heading was studied. One of 
these families had 308 individuals and the other had 314. It so hap- 
pened that one family was grown on an inferior plot and consequently 
the mean date of heading of the plants on this plot was different from 
the mean date of heading of the F, family on the other plot. For this 
reason the data from the two families were kept separate. 

In Table 1 are shown the frequency distributions of the mean 
date of heading based on different random samples taken from the F, 
generation. It will be noted that on the average the 16-Family headed 
somewhat earlier than the 17-Family. In both families, it may be 
seen that 62 individuals chosen at random constituted a fairly trust- 
worthy sample from which to caleulate a mean. In the case of the 
17-Family, 30 individuals taken at random gave a fairly trustworthy 
sample. The mean dates of heading of the ten samples, each made 
up of 30 individuals, fall into two classes. 

TABLE I.—Frequency Distributions for the Mean Dates of Heading Based on 


Different Samples Taken from the F, Generation of Gopher X 
Black Mesdag and the Reciprocal Grown in 1924. 


Mean Dates of Heading* 


Kind of Sample n as 
a2 Tho 8.25 8.75 9,25 9.75 10.25 

Total population, 16-Famil7............. 1 
HVOnY ZO UAUAGIVACRIPI ay. \cxs:are beste esos cree 22 62 4 1 
Byery, LOthindividual.......2cc200s0s00% + 30 2 1 5 2 
Hivervadothendividuall  ..0<.cassiesc0 os ce 20 4 4 4 3 
Total population, 17-Family. ............ | 1 
Bivenyapobuindivid bal e:.c.5 ¢eieunicrsye) scree ole 62 4 1 
Byvery LOthindiyidual. ...5....0cceseee-- 30 5 5 
Byery U5thamdividual.ciccc.cc even. a se 20 1 1 4 7 2 


*The date of heading of the first F2, plant was considered as 1, and the mean dates given here are in tarms of days . 
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TABLE 2.—Frequency Distributions for the Standard Deviations of Dates of 
Heading Based on Different Samples Taken From the F,, Genera- 
tion of Gopher X Black Mesdag and the Reciprocal Grown in 


1924, 
* Standard Dev’at on of Date of Heading 
Kind of Sample n | 
Ue) 1.8 Zal 2.4 (agi 3.0 
Hivety oubhindividiall acres iene center ate 62 3 5 2 | 
Biveryil OGMMMGI Vidic |e oeiert eye rte eerie 30 1 7 ) 5 | 2 
Byery Uothindividual ac aceihc aioe cer amon ete 20 3 10 8 | 2 


The frequency distributions of the standard deviations based on 
the same random samples as previously discussed are shown in Table 
2. Since no appreciable difference was discerned between the dis- 
tributions from the two families, they were combined in the table. The 
range of the standard deviations of date of heading of the ten random 
samples, each made up of 62 individuals, was from 1.8 to 2.4, inelu- 
sive. It is apparent from Table 2 that 20 or 30 individuals were not 
enough to constitute a very trustworthy sample from which to ealeu- 
late a standard deviation. 

There were approximately forty individuals in each F, family 
grown in 1924. 

Environmental Influence 


Before taking up the discussion of the inheritance of date of 
heading it may be well to point out the possible non-genetie influence 
on the development of this character. In 1924 the correlation between 
the mean date of heading of consecutive plots of the parents growing 
with the F, families was determined and also the correlation between 
the means of the date of heading of the two different parents growing 
in adjacent plots. If a marked influence of soil on date of heading 
existed, the correlation coefficients should show it. The correlation 
between mean date of heading and number of plants per plot was 


also determined for each parental plot. The data are presented in 
Table 3. 


TABLE 3.—Correlation Coefficients That Show the Effect of Environment on 
Date of Heading in the Oat Parents Grown in 1924. 


Nature of Correlation \ n ct 
Between mean dates of heading in consecutive plots of Gopher. . TOES nn Gs as MPO 27 +0) 37 2a 0 e112) 
Between mean dates of heading in consecutive plots of Black Mesds ag... eT er ae te eee ee 27 +0.429+0. 106 
Between mean dates of heading of Gopher and of Black Mesdag in ndinceat Hols ARG Reece ete 3l -+0.7120.060 
Between mean dates of heading and number of plants per plot of Gopher. . areuchet war epee 31 —0.679F0.065 
Between mean dates of heading and number of plants per plot of Black Mestiag Sere rahe 31 —0.0300.120 
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The correlation coefficient between the mean dates of heading in 
consecutive plots of Gopher is +0.872+0.112, and in consecutive 
plots of Black Mesdag +0.429+0.106. These facts and the relatively 
high correlation (+0.712+0.060) obtained between the mean dates of 
heading of the two parents growing in adjacent plots indicate that the 
soil medium in which the plants grew had a rather marked influence 
on date of heading. 

The number of plants per plot in the Gopher parent was nega- 
tively correlated (—0.679+0.065) with the date of heading but in 
the Black Mesdag parent no such relationship was found. In this case 
correlation (—0.090+0.120) was sensibly zero. 

In addition to the environmental factors already mentioned, season 
and time of planting may influence the date of heading. In 1923 the 
difference between the mean dates of heading for the two parents was 
about two weeks, whereas in 1924 the difference was approximately 
one week. 

Data In 1923 


Individual plant notes were taken on the F, and F, plants in 
1923 only. The mean date of heading of each parental plot was esti- 
mated. The approximate mean date of heading of each of the two 
plots of Gopher growing with the first and second generation plants 
was June 18 and for each of the two plots of Black Mesdag July 1, an 
estimated difference between the parents of 13 days. There was no 
difference between the date of heading of the two F', plants of Gopher 
<< Black Mesdag and the four F, plants of the reciprocal cross. The 
mean date of heading of the six F, plants was June 16 or approxi- 
mately the same as the early maturing parent. This is in agreement 
with the behavior of some of the F, generations reported by Noll.* 

The F, generation showed considerable variability with respect to 
date of heading as was expected. The frequency distribution is shown 
in Table 4. The range of date of heading is from the early parent to 
TABLE 4.—Frequency Distribution of the Dates of Heading for the F, Gen- 

eration of Gopher < Black Mesdag and the Reciprocal Grown 
in 1923. 


Dates of Headingt 


| 


Name of Strain 


| 


6/24 | 6/26 | 6/28 


59 | 116 67 


| 


6/16 | 6/18 | 6/20 | 6/22 6/30 | 7/2 


Gopher X Black Mesdag & Reciprocal.| 60 | 58 | 29 44 21 | 0 | 1 | 455 


{Given as month and day; thus 6/16 means June 16. 
*See footnote on page 5. 
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the late parent and shows clearly that segregation has occurred. It 
is apparent, too, that there were more F, plants with a date of heading 
similar to that of the early parent (June 18) than there were to that 
of the late parent (July 1). 


Data In 1924 


Notes were taken on each individual plant for all the material 
grown in 1924. The difference between the average date of heading 
for the two parents was approximately one-half of what it was in 
1923 owing, undoubtedly, to environmental influence. The frequency 
distributions of the F, generation and the parents which were grown 
with it are shown in Table 5. There were 308 F, plants of Gopher x 
Black Mesdag and 314 F, plants of the reciprocal cross. The differ- 
ence between the mean dates of heading of the two F, families was 
1.51+0.11, which is significant in the light of its probable error. One 
of the I, families, unfortunately, was planted on an inferior plot 
which fact probably accounts for the difference obtained. 

It is evident from Table 5 that segregation for date of heading 
occurred in the F, generation. The mode of the F, generation consider- 
ing both families together corresponds to the mode of the Gopher 
parent. The F’, distributions clearly indicate that earliness is inherited 
as a dominant character. In 1924 the two parents overlapped some- 
what in date of heading. The variability of the late parent, as indi- 
cated by the standard deviation, is practically the same as that of the 
earlier parent. The means for dates of heading of the F, families are 
much nearer to the mean of the Gopher parent than to the mean of the 
Black Mesdag parent. 

That date of heading is a definitely inherited character may be 
further shown by correlating the date of heading of individual F, 
plants with the mean date of heading of their F, progeny. This 
has been done in Table 6. The correlation coefficient obtained was 
+0.401+ 0.046, which indicates that there was a tendency for F, plants 
to transmit date of heading to their respective F', families. 

The frequency distributions of the mean dates of heading of the F, 
families and the parents grown with them are shown in Table 7. 

The mean date of heading of each of five of the F, families was 
earlier than the mean date of heading of the earliest plot of Gopher. 
On the other hand there were four plots of Black Mesdag with mean 
dates of heading later than the mean date of heading of the latest F, 
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TABLE 6.—Correlation Between Date of Heading of Individual Plants inl 
and the Mean Date of Heading of Their F,, Progeny’ in the Cross 
Gopher X Black Mesdag and the Reciprocal. 


Mean Dates of Heading in Fa 
Cee neler 2M 
5 6 7 8 9 10 11 12 13 UE Weal ie 

15-16 1 3 10 4 1 19 
17-18 1 4 5 4 2 2a 19 
19-20 1 1 1 1 3 i 1 1 10 
21-22 1 4 3 1 3 ¥) 1 1 16 
23-24 1 4 5 3 3 4 2 22 
25-26 1 5 5 dl 7 7 6 2 40 
27-28 1 2 1 5 2 3 Zz 1 2 19 
29-30 1 1 1 1 4 

1-2 0 

3-4 1 1 
Totals x. ceva grein sian 3 4 22 32 23 21 17 16 7 3 2 150 


r= +0.401+0.046 


TABLE 7.—The Mean Dates of Heading for the F, Families and the Parents 
of the Cross Gopher < Black Mesdag and the Reciprocal Grown 
in 1924. 


Mean Dates of Heading* 
Names of Strains 


6/29/6/30'7/1 BP 17/3 |7/4 Le 7/6 Pe 7/8 |7/9 \7/10|7/11|7/12| n 

= 

Gopher sre ncisats stot atone tee eto: Oo koe Sill | 31 
| ! 

Bia ckMesdagy. manasa aes eee | Le eae) we easel ort 31 

Me amiliesin 5 tyceciver ei see ee 1 STON 88.00 24H 22519) Ls 12 4 2 1 150 


*Given as month and day; thus 6/29 means Jane 29. 


family. As in the F, generation, the mode of the mean dates of head- 
ing of the F, families corresponds with the mode of the mean dates of 
heading of the Gopher parent. 

In connection with analyzing the F, data it is necessary to know not 
only the mean date of heading of each F, family and of each plot 
containing the parents, but also something of their relative variability. 
To obtain such a measure the means and the standard deviations of 
both the means and standard deviations of each parental plot, with 
respect to date of heading were calculated. The results are recorded 
in Table 8. 

One would expect about 95.5 percent of the variates of a normal 
frequency distribution to fall within the range delimited by the mean 
plus or minus two times the standard deviation (m+2c). If such a 
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TABLE 8.—The Means and Standard Deviations of Both the Means and 
Standard Deviations for Dates of Heading of Each Group of Plots 
Containing the Parents Grown with the F,, Progeny in 1924. 


| 
Number M of | o of | M of o of 
Names of Strains of Plots Means Means S. Devs. S. Devs. 
Go mhOn ra renccrdes «os a Sais brenaieg wisyaeso sw aoe | 31 7.4323 0.8232 1.2726 0.1963 
RID QbaMMCR ag Sof aa damned weds wa ona. sae 31 14.6694 0.9341 1.3855 0.2444 


limit is defined from the data in Table 8 we find that for the Gopher 
parent the lmits of the means are 7.4823+20.8232 or 5.7859 and 
9.0787 and for the Black Mesdag parent the limits are 
14.6694+2<0.9341 or 12.8012 and 16.5376. In a similar manner 
the limits of the standard deviations for the Gopher parent are 0.8800 
and 1.6652 and for the Black Mesdag parent they are 0.8967 and 
1.8743. 

In Table 9 the F,, families are classified according to the foregoing 
defined limits. While this classification is somewhat arbitrary, it does 
afford a method of comparing the F, families with the parents in 
regard to the character under discussion. 


TABLE 9.—The Frequency Distributions of the Means and Standard Devia- 
tions of Dates of Heading for the F, Families. 


Statistical Constants Limits 
and Progeny Total 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
Gopher Bl. Mes. 
! 5.7859! ea | 12.8012 rd 
ANU estr re srege rates devote Tahat oh ptt isa sto A al 9.0787 = 7 <a 16 5376 = 
= 2 0.8800 = 0.8967 
MIDE VIAONS: vec cicreie « ncaie w:e)sers = 1.6652 ea = eal 1.8743 KE 


RigtPamMilied 2 Fe sacs aceaw ees se = 4 49 Yat 27 40 6 3 150 


In column 2 are placed the four F, families whose means are less 
than the lower limit of the means for the Gopher parent but whose 
standard deviations fall within the lmits of the standard deviation 
for the Gopher parent. Similarly, in column 4, there are 21 I’, families 
whose means fall within the limits marked by the Gopher parent but 
whose standard deviations are greater than those of the Gopher par- 
ent and in most eases also greater than those of the Black Mesdag 
parent. The 27 F, families in column 5 had mean dates of heading 
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intermediate between the upper limit marked by the Gopher parent 
and the lower limit marked by the Black Mesdag parent. The standard 
deviations of these F, families fell within the limits marked by the 
Gopher parent. In column 6 are placed the 40 F, families whose means 
were intermediate between the upper and lower limits indicated by the 
Gopher and Black Mesdag parents respectively, and whose standard 
deviations were greater than those of the plots of Gopher, and in most 
cases also greater than those of the plots of Black Mesdag. The three 
I, families placed in column 8 had mean dates of heading similar to 
Black Mesdag but their standard deviations were somewhat greater. 

From Table 9 it is apparent that there were six of the 150 F, 
families whose dates of heading were similar to that of the Black 
Mesdag parent. Both the means and the standard deviations of dates 
of heading of these six F, families fall within the limits indicated by 
the Black Mesdag parent. If to these are added the three F, families 
whose mean dates of heading were similar to, but whose variability 
was somewhat greater than that of the plots of Black Mesdag, we 
obtain 9 F, families breeding like the later parent. On a two factor 
hypothesis, one would expect about this number of F, families to breed 
like the Black Mesdag parent with respect to date of heading. To 
determine more precisely the breeding nature of this character would 
require a further study in subsequent generations. 


INHERITANCE OF LEAF WIDTH 
Preliminary Observations 


Before deciding which leaf of the plants to measure for leaf width 
some preliminary studies were made. In 1923 the first, second, and 
third leaves (calling the uppermost leaf the first, ete.) of 359 plants of 
Gopher, 354 plants of Black Mesdag, and all of the F, plants were 
measured for width. The statistical constants of the various measure- 
ments made on the parents are shown in Table 10. 

There was little absolute difference between the means of the widths 
of the first and second leaves of Black Mesdag. In the Gopher parent, 
however, the second leaf was approximately one-third wider than the 
first leaf. The third leaves of both parents were somewhat narrower 
on the average than their respective second leaves. The standard 
deviations of leaf widths of the Black Mesdag parent were somewhat 
greater than those of the Gopher parent. The variability of leaf widths 
of the first leaf in both parents was high, as indicated by the coeffi- 
cients of variability. The coefficients also show that there was not 
much difference between the variability of the second and third leaves 
of the two parents. 
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Some interesting relations between leaf widths of the first, second, 
and third leaves of the parents and of the F, generation are shown in 
Table 11. The highest correlations were found between the widths of 
the second and third leaves, the next highest between the widths of 
the first and second leaves, and the lowest correlations between the 
first and third leaves. 

The correlation coefficient between the widths of the first and 
third leaves of the Gopher parent is 0.24+0.03, of the Black Mesdag 
parent 0.65+0.02, of the F, generation of Gopher « Black Mesdag 
0.55+0.03, and of the F., generation of Black Mesdag x Gopher 
0.48+0.04, whereas the‘ coefficients between the widths of the 
second and third leaves are 0.74+0.02, 0.89+0.01, 0.79+0.01, and 


TABLE 11.—The Correlation Between Certain Characters of the Parents and 
of the F, Generation of Gopher X Black Mesdag and the Recip- 
rocal Grown in 1923. 


Names of Strains Nature of Correlation n r 


Between width of first 
GopheriBatvent hee andisgeond leayess a. avast: ben ies ace ae eee se aie 359 0.62£0.02 


Between width of first 
Black Mesdag Pi........... andisecondilea yess... 6 aoe e caeae Sine eee 354 0.852£0.01 


Between width of first 
Gopher x Bl. Mes. F2....... andistcond leaves: ice .us jee ce eae Gee 323 0.700.02 


Between width of first 
Bl. Mes. x Gopher F2....... andisecond les yeni g ae tnt Mears. See Se 132 0.6240.04 


Between width of first 
Gopher:Pieetumerr a eo andithirdilenyes 4 psa ise. ot oe ee ee 359 0.24 0.03 


Between width of first 


Black Mesdag Pi........... aud ithindéleayies. Sch tdintcnraten oe ra ee eee 354 0.650.02 
Between width of first 

Gopher x BI. Mes. F2....... amdthirdsleaves en.) tras Sess eee eae ee ae ae 323 0.552£0.03 
Between width of first 

BI. Mes. x Gopher F2....... andithirdWlewyes's,< Sto csnn photo ae ee ee ae 132 0.48+0.04 
Between width of second 

Gopher:Pares st eat Meee and&uhindbleavies teryacstte eee eee a 359 0.74£0.02 
Between width of second 

Black Mesdag Pi........... sndithird: leaves hatte Wan aoc oe ee ee 354 0.89-0.01 
Between width of second 

Gopher x B]. Mes. F2....... andthitdilesves<. 22h eek eee ee eee 323 0.790.01 


Between width of second 
BI. Mes. x Gopher F2....... and! thirdileaves se sae oes ee eee Ve een ee ee 132 0.780.02 
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0.78 0.02, respectively. It is of interest to note that with respect to 
any two leaf widths there is in no ease a significant difference between 
the coefficients of the F, generations of reciprocal crosses. 

In view of the fact that the widths of the first leaves of the plants 
were more variable than the widths of the second and third leaves, it 
was decided not to use the first leaf in the inheritance study. The 
second leaf rather than the third was finally chosen for this investiga- 
tion as the third leaf dried somewhat earlier and therefore was less 
favorable for measurement in the field. 

In connection with a study of the inheritance of a size character 
such as this, the question of number of plants to grow in each F,, family 
usually presents itself. In order to obtain some information on this 
question for the particular problem at hand, the 323 F, plants grown 
in 1923 were studied. The problem was to determine the number of F, 
plants necessary to constitute a random sample of the total population. 
This was done by taking at random every fifth individual of the 323 F, 
leaf widths and throwing them into a frequency distribution, thus five 
frequency distributions, each made up of 65 individuals, were obtained. 
In a similar manner frequency distributions were made up by taking 
at random every tenth, fifteenth, and twentieth individual of the 323 
F, leaf widths. 

The means and standard deviations for all four of these frequency 
distributions were calculated. The distributions of the means and 
standard deviations are shown in Tables 12 and 13, respectively. It is 
obvious from these tables that at least 65 individuals should be used in 
order to constitute a random sample that would give a trustworthy 
index as to the breeding behavior of leaf width in the F, generation. 
Since in the F, generation maximum variability is obtained, it natur- 
ally follows that each F, family should be represented by the mini- 
mum number of individuals that constitutes a random sample. This 


TABLE 12.—Frequency Distributions of the Mean Leaf Widths Based on 
Different Samples Taken From the F, Generation of Gopher X 
Black Mesdag Grown in 1923. 


Mean Leaf Widths in Millimeters 
Kind of Sample 


n 114.5/14.7|14.9|15.1]15.3/15.5/15.7/15.9/16.1/16.3)16.5)16.7/16.9 
Motalpopiulationwnmccterercs..c ve sieievs oeiwiein’ «cise 323 1 
Bivervaounemadiva dial ever crrerssiets sein cisleceie este 65 1 eal 1 1 
Bivery al Oth ANG VAd UAL. oys-«/elercielereisiereloietere rele» oo ee Sih Yaa i al 1 
verve othindividuall yee entatac-nats cvelo'ere «mn se 22) 1 Plier |e: ip. 1 
2 2 2 fi 


Bp yery7 2 Op numa vAG ual sys eens terete aie olaiessisiataninre 17 1 2 
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TABLE 13.—Frequency Distributions of the Standard Deviations of Leaf 
Widths Based on Different Samples Taken From the F, Genera- 
tion of Gopher X Black Mesdag Grown in 1923. 


Standard Deviations of Leaf Widths 
Kind of 
Sample 
n | 1.7] 1.8] 1.9] 2.0) 2.1] 2.2} 2.3} 2.4] 2.5] 2.6) 2.7] 2.8] 2.9] 3.0) 3.1] 3.2) 3.3) 3.4 
Totai 
population...... 323 1 
Every 5th 
individual....... 65 2 1 1 i 
Every 10th 
individual....... 33 1 1 3 2 2 1 
Every 15th 
individual....... 22) 1 1 1 2 1 1 it 1 1 
Every 20th 
individual....... 17 2 2 2 1 2 1 


analysis of the F, generation grown in 1923 indicates that the F, fami- 
lies grown in 1924 were not large enough. This fact will be shown also 
in connection with the discussion of the inheritance of leaf width. 


Environmental Influence 


As in the ease of date of heading, leaf width may be influenced by 
environment and so in 1924 a study was made of the possible effect of 
soil and of number of plants per row on the development of leaf width. 
The correlation coefficients between the means of leaf widths of consec- 
utive plots of the parents growing with the F, progenies were com- 
puted as was also the correlation between the means of the leaf widths 
of the two parents growing in adjacent plots. The influence of number 
of plants per plot on mean leaf widths in each of the parents was also 
studied. The data are presented in Table 14. 


TABLE 14.—Correlation Coefficients That Show the Effect of Environment on 
the Development of Leaf Width in the Oat Parents Grown in 1924. 


Nature of Correlation n iy 
Between mean leaf widths in consecutive plots of Gophers 2c es rerscana ie Roe Nee 27 —0.029-E0.130 
Between mean leaf widths in consecutive plots of Black Mecadaie:sesthe eee nitrite eee 27 +0.262250.121 
Between mean leaf widths of Gopher and of Black Mesdag in adjoining plots............... 31 +0.4902£0.092 
Between mean leaf widths and number of plants Denplotiol Gopheraas eee ene eee 31 +0.039270.121 
Between mean leaf widths and number of plants per plot of Black Mesdas yee agoet oe 31 +0. 199-0. 116 


The correlation coefficients show that in no case, except between 
mean leaf widths of Gopher and Black Mesdag grown in adjacent 
plots, was there a significant correlation. The correlation between the 
mean leaf widths of the adjacent parental plots was +0.490+0.092 
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which shows that there was a ‘‘place effect’’ in the development of 
this character and that the leaf widths of the two parents tended to 
vary in the same direction. The lack of correlation between the leaf 
widths of consecutive plots of either parent is probably an indication 
that the parental plots as checks should have been distributed more 
frequently throughout the series. The number of plants per plot 
apparently did not influence the development of the mean leaf widths 
in either of the parents. 


Data in 1923 


The leaf width of individual plants of the F,, F,, and F, genera- 
tions as well as that of the parents was determined in 1923. This 
character proved to be highly variable and for this reason larger 
families should have been grown. 

The distributions of the leaf widths of the F, and F, generations, 
together with those of the parents, all grown in close proximity, are 
shown in Table 15. 

The data in Table 15 show that the parents differed considerably 
with respect to leaf width. The mean leaf width of the six F, plants 
was intermediate between the parents but it was somewhat nearer to 
the mean leaf width of Black Mesdag than to that of Gopher. The F, 
distribution had a lower range than the Gopher parent but did not 
reach the upper range of Black Mesdag. The mean leaf width of the 
F, generation was somewhat nearer to the mean leaf width of Gopher 
than it was to that of Black Mesdag. The standard deviation of leaf 
width of the Black Mesdag parent was almost as great as that of the 
F, generation; the relative variability of the latter, however, was 
somewhat greater. 

The data for the F, families together with those for the parents 
that were grown with them are shown in Table 16. This table shows 
the distribution of the mean leaf width of each F, family and, for com- 
parison, the distributions of the mean leaf widths of the parental 
plots. It is obvious from the table that the parental plots differed 
considerably with respect to mean leaf width and that the parental 
types were recovered in F;. There were four F, families with mean 
leaf widths slightly below the plot of Gopher with the lowest mean 
leaf width. On the other hand the six F, families with the highest 
mean leaf widths were considerably below the plots of Black Mesdag 
with the higher mean leaf widths. There were only seven of the 139 
F,, families within the range of the mean leaf widths of the plots of 
Black Mesdag. 


[Bulletin 217 


W. Va. Acr’L EXPERIMENT STATION 


20 


BEI | | Cae eOe ceo i Se TT eta Oc | Comer WEG Sh Va le PNT |e cere ooo: aaah sore 
ST PAW UR Te CESAR CO AE eS Se I Ui Te we ANE Sl ig te elem aD te a A mn Me le a iad cca ne Td 2epeoW Pd 
a hal ee ome leas eee Tq sodor 


Ui |SZ°2e pi alert $2" 12)G2°02|S2°02)S2°61/S2°6L|SZ°B1/S2"BL|SZ"ZL/SZ°LL|GZ°91|S2°9L|S2°SL|S2°SLISZ "pL |SZ"pL|SZEL|S2°EL|S2°Z1/S2°ZL/G2" LL 


SUILJIS JO SOUL AY 
SJOJOWIIINAL UI SYIPIM JLO7] ULE) 


$261 Ul UMOID [BIOIdKSY oy} pue Sepsap 
WIG X Joydoy Jo soruasoig “gq pue syusIeg OY} OJ SYIPIAA Jee] Uva oY} Jo SuOTNGIySIG AoUeNbeI~a—9T ATAVL 


90°0F0S'% 80 OF LL°ST | s¢P Pele ke Let y or) Col es, Les] OP ie heel Ont aber ce ee eee = Aqroreg & 
LVS 9 e I Z len oo Recto stern dr cmorruocna aden Apraney 4 
AVOT9F'S Fo OFEF IZ | GF |T jo |z |e 's {elo lols lo le [e ee Lee ar ee er a ay Bepsoyy HOG 
OLOFer Tt [Ft OFLe et | 6F a elt yale |eria|c Op erences soydon 
0 w u fazfezloz|szlezlec|z)izlozlalfajalalalnlalalujoale 
sules}g yO sow 
S4O}OWITIIAL UL SYIPIM 3297 


“$261 Ul UMOID [BIOIdIeY IY} pue Sepssyy youlq x 
A “A ey? Jo squeyg [enplAIpu] OF SYIPIM JeaT JO Suorynqiaysiq Aduenbeiq eYL— sl WIAVL 


6a 


reydoy Jo syueiezg ey} pue 


February, 1928] INHERITANCE IN AN AVENA Cross yA 


It has been previously mentioned that leaf width was a variable 
character. This was brought out in the 1923 data when an attempt 
was made to show the relative variability of the parental plots as com- 
pared with the several F, families. The coefficients of variability were 
calculated for this purpose. The distributions of the coefficients for 
the parental plots and the F, families are shown in Table 17. It is 
evident that the range of variability for the Black Mesdag parent is 
almost as great as that for the F, families. In view of this situation 
it was not thought worth while to analyze the data further for relative 
variability. 


Data in 1924 


The leaf widths of individual plants of the parents and the F, and 
F’, generations were determined in 1924. The frequency distributions 
of the F, generation and the parents which were grown with it are 
shown in Table 18. 

In 1924 the mean leaf width of the F, generation was intermediate 
between the means of the leaf widths of the parents. The variability 
of leaf width of the Black Mesdag parent as measured by the standard 
deviation was almost as great as that of the F, generation. The distri- 
butions of leaf widths of the two parents as given in Table 18 are 
skewed to the left, or toward the narrower leaf widths. 

If leaf width is an inherited character, a positive correlation 
should be obtained between the leaf widths of individual F, plants and 
the mean leaf widths of their respective F, progenies. Such a corre- 
lation is shown in Table 19. The magnitude of the correlation coefficient 
(+0.512+0.041) shows that leaf width was definitely transmitted 
from the F, to the F, progeny. 

In Table 20 are recorded the frequency distributions of the mean 
leaf width of each F, family and for comparison the mean leaf width 
of each parental plot. 

The mean leaf widths of the two parents do not overlap, as shown 
by the distribution given in Table 20, although the upper limit of 
Gopher reaches to the lower limit of Black Mesdag. The distribution 
of the mean leaf widths of the F, families simulates somewhat a normal 
frequency distribution with a range extending approximately over 
the combined ranges of the two parents. One F, family, namely 16-6-8, 
had a mean leaf width of only 11.82+0.28 millimeters with a standard 
deviation of 2.40+0.20 (see Table 33 of appendix). This mean was 
significantly lower than the lowest mean leaf width of any other F, 
family or any plot of the Gopher parent. 
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TABLE 19.—Correlation Between Leaf Width of Individual Plants in F, and 
the Mean Leaf Width of Their F,, Progeny of the Cross Gopher X 
Black Mesdag and the Reciprocal. 


Mean Leaf Widths in Fs 
Leaf Widths r 
in F Total 
12 13 14 15 16 17 18 19 20 21 22 23 

9-10 2 2 

11-12 2 3 4 2 Bt 

13-14 + 7 8 8 4 1 32 

15-16 1 1 15 14 5 3 3 1 43 

17-18 1 5 9 5 9 4 1 2 36 

19-20 1 1 1 6 5 5 19 

21-22 1 iL 1 2 5 

23-24 1 1 

25-26 0 

27-28 1 1 

29-30 0 

| 
Hotsllsco5s, <eeacsas 1 0 0 6 12 32 37 21}, 20 15 4 2 150 


r= +0.512+0.041 


TABLE 20.—Frequency Distributions of the Mean Leaf Widths for the Parents 
and F,, Progenies of Gopher X Black Mesdag and the Reciprocal 
Grown in 1924. 


Mean Leaf Widths in Millimeters 
Names of Strains 


verre Pepa 15.5/16.5/17.5/18.5/19.5/20.5/21.5/22.5/23.5] n 


(Cyt Gee e onder er coedunpadoccepmcUsuoUce Talal Gallia L 31 
BACKS Gad age aejeis crore eisai dste (ara guiie\ee ese re 3 4} 12 9 3 31 
Ide iene ES ree coi Lieie 0c Pn Sen ONO : 1 13 | 19 | 37 | 30} 16 | 18 | 11 5 150 


In order to determine the variability of the means and the 
standard deviations of the parental plots with respect to leaf widths 
certain calculations were made. Tor this purpose the mean and 
standard deviation of the mean leaf widths of each of the two groups 
of parental plots were determined, and in a similar manner the mean 
and standard deviation of the standard deviations of each of the two 
groups of parental plots were computed. The constants obtained are 
recorded in Table 21. 

In a normal frequency distribution 95.5 percent of the variates 
fall within the range delimited by the mean plus or minus two times 
the standard deviation. Theoretically, then, we would expect about 
95.5 percent of the mean leaf widths of the Gopher plots to fall within 
the limits of 16.4855+2><0.7342 or between 15.0171 and 17.9539. 
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TABLE 21.—The Means and Standard Deviations of Both the Means and 
Standard Deviations of Leaf Widths for Each of the Two Groups 
of Plots Containing the Parents Grown With the F, Progeny in 


1924. 
== 
Names of Strains Number M of o of M of o of 
Plots Means Means S. Devs. S. Devs. 
Gopher asa ae erica racine trite aa 31 | 16.4855 0.7342 2.0318 0.3997 
Blacks: Mesdags75s scvcrarersccres cravat arararstaveve sraterapersicvete 31 21.5984 1.0141 2.8939 0.4696 


The limits of these same Gopher plots with respect to standard devia- 
tions of leaf widths were between 1.2324 and 2.8312. Likewise the 
limits of the Black Mesdag plots were between 19.5702 and 23.6266 for 
the means of leaf widths, and between 1.9547 and 3.8331 for the 
standard deviations of leaf widths. 

It is now possible to classify according to the foregoing defined 
limits the mean and standard deviation of leaf widths of each F, 
family. This has been done in Table 22. 


TABLE 22.—The Frequency Distributions of Means and Standard Deviations 
of Leaf Widths for the F, Progenies, 


Statistical Constants 
and Progeny Limits Total 
(1) (2) (3) (4) (5) (6) (ey) (8) (9) 
Gopher Bl. Mes. 
15.0171 19.5702 
Means HA trees aac Soncieness = = 
gaps S 17.9539 < = 23 6266 
ire 5 1.2324 1.9547 
5: Deviatlouseeeeneesecee = 2 8319 = < —< 38331 << 
HaHamilyar. vrumnawen cen 1 59 27 11 13 37 2 150 


In column 2 of Table 22 is placed one F, family which had a lower 
mean leaf width than any Gopher plot and whose standard deviation 
fell within the limits marked by the Gopher parent. This family has 
already been discussed. There were 59 I’, families (column 3) which 
bred similar to the Gopher parent with respect to both means and 
standard deviations of leaf widths. In column 4 are placed 27 F, 
families whose standard deviations of leaf widths fell within the limits 
marked by the Gopher parent but whose mean leaf widths were be- 
tween the upper and lower limits of the Gopher and Black Mesdag 
parents, respectively. Eleven F, families had mean leaf widths which 
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fell within the limits indicated by the Gopher parent but their standard 
deviations were greater than that of the Gopher parent and in some 
cases greater than that of the Black Mesdag parent. The 13 F, fami- 
lies with mean leaf widths between the upper limit of the Gopher 
parent and the lower limit of the other parent are recorded in 
column 6. The standard deviations of leaf width of these families were 
outside the limits of the Gopher parent and in some eases also outside 
the limits of the Black Mesdag parents. There were 37 F, families 
which bred in a manner similar to that of the Black Mesdag parent 
with respect to means and standard deviations of leaf width. Two of 
the 150 F, families had mean leaf widths which fell within the limits 
indicated by Black Mesdag but they had standard deviations that fell 
outside the limits marked by this parent. 

Considering all the data on leaf width, it is apparent that this 
character is a variable one and for purposes of making a more exact 
analysis of its inheritance larger F, families should have been grown. 
For such a study it would be highly desirable to carry the analysis 
through the F, and subsequent generations. The data presented, how- 
ever, do seem to justify the conclusion that leaf width is a definitely 
inherited character and that the manner of its inheritance is dependent 
upon more than one factor difference. 


INHERITANCE OF NUMBER OF CULMS 


The inheritance of number of culms was studied in 1923 only, as 
in 1924 the difference between the two parents with respect to this 
character was not clearly defined, owing largely to seasonal influence. 
In 1923 the mean number of culms of 443 Gopher plants was 
7.12+0.11 and of 381 Black Mesdag plants was 4.45+0.08. In 1924 
the mean number of culms of 328 Gopher plants was 3.16+0.04 and 
of 301 Black Mesdag plants 2.36+0.03. 

The frequency distributions of number of culms of the I, plants 
and the parents which were grown with them in 1923 are shown in 
Table 23. 

It may be noted that there are 68 and 62 plants of Gopher and 
Black Mesdag, respectively, reported as growing with the I, genera- 
tion in 1923, whereas in Table 15, in connection with the leaf width 
study, there were but 49 plants of each parent reported. The reason 
for the smaller number of plants in the latter case is that in 1923 only 
those parental plants were measured for leaf width which had three 
upper leaves whose width could be determined. If the lower leaf had 
withered the plant was eliminated. 
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It may be seen from Table 23 that the modes of the distributions 
for number of culms in the two parents correspond, although there 
were relatively few plants of Black Mesdag with a large number of 
culms. The means of the number of culms of Gopher and Black Mesdag 
were 6.79+0.26 and 4.52--0.22, respectively, whereas, the mean num- 
ber of culms of the F, generation was 6.52+0.09. The behavior 
of the F,, generation seems to indicate that a high number of culms was 
inherited as a dominant character. It is apparent, too, that the num- 
ber of culms was a variable character and one that was probably 
influenced considerably by environment. 

That the number of culms is an inherited character, is more clearly 
shown by the data obtained from the F, families. In Table 24 the 
frequency distributions of the mean number of culms of the F,, families 
and the parents which were grown with them are shown. It is obvious 
that some of the F., families bred like the Gopher parent with respect 
to mean number of culms and other F,, families liké the Black Mesdag 
parent. 


INHERITANCE OF COLOR OF SEED 


The Gopher parent of the oat crosses discussed in this bulletin had 
white seed and the Black Mesdag had black seed. The seeds of the F, 
plants were black but not quite of the same intensity as the seed of 
the black parent. Of the 455 F, plants grown in 1923, 355 had black 
seed and 100 had white seed. The deviation from expectation on a 
monohybrid basis was 13.7+6.2. In 1924 there were 622 F, indi- 
viduals, of which 483 were black-seeded and 139 were white-seeded 
plants. In this ease the deviation from monohybrid expectation was 
Teo f.5. 

Additional evidence concerning the inheritance of seed color in 
this oat cross may be obtained from the F, generation grown in 1924. 
In all there were 150 F, families grown during this year. Of this 
number 40 bred true for black seed, 79 segregated for seed color, and 
31 bred true for white seed. This result is in fairly close (P = 0.4856) 
agreement with expectation, on the assumption that the parents dif- 
fered in regard to seed color by a single factor. 


INTERRELATION OF HERITABLE CHARACTERS 


The relation of one character to another is of importance. If two 
characters are closely linked in their inheritance, and it is desirable 
to break this linkage, it is necessary to grow a greater number of 
offspring than is the case if the two characters are independent in 
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their inheritance. A study of the relation in inheritance of the four 
characters herein considered was made. 


Seed Color and Other Characters 


In Table 25 are presented the data based on the F, generation 
grown in 1923 which bring out the relationships between color of seed 
and the other three characters. The reciprocals, although no difference 
was observed between them, have been kept separate in this table. 

The difference between the mean dates of heading for the black- 
seeded and the white-seeded F,, plants of Gopher & Black Mesdag was 
2.84+0.35, and of Black Mesdag x Gopher, 1.21+0.57, both in- 
stances being in favor of white-seeded plants. The former difference is 
significant in the hght of its probable error, but the latter is not. Since 
the black-seeded parent was also the later parent, the significant dif- 
ference obtained was certainly not due to close genetic linkage. 

With respect to mean number of culms the black-seeded and white- 
seeded F, plants did not differ significantly from one another in either 
the Gopher & Black Mesdag or the reciprocal cross. 

The F, plants with black seed of Gopher * Black Mesdag had a 
mean leaf width of 15.89+0.11, whereas the plants with white seed 
had a mean leaf width of 16.69+0.20. The difference of 1.30+0.23 
between these means is more than five times its probable error. The 
difference between the means of leaf width of the black-seeded and 
white-seeded F, plants of Black Mesdag & Gopher is not significant. 
Black seeds and wide leaves were associated in one of the parents of 
this cross so it is apparent that there is no evidence of linkage here. 

The data obtained from the I‘, generations grown in 1924 are re- 
corded in Table 26. Here again there is no evidence of a genetic link- 
age between the several character pairs as they entered the cross. In 
the Black Mesdag parent, black seed was associated with late maturity, 
a small number of culms, and wide leaves, as contrasted with the 
Gopher parent in which white seed was associated with early maturity, 
a large number of culms, and narrow leaves. In view of the evidence 
presented, it may be concluded that color of seed is not linked in 
inheritance with any of the other characters studied in this investiga- 
tion. 


Leaf Width and Number of Culms 


The relation in inheritance of leaf width to number of culms was 
studied by determining the degree of correlation between these char- 
acters in the F, generation as compared with the parents. Unfortu- 
nately, the relation between these two characters was not determined 
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for the parents in 1923, but it was determined for them in 1924. The 
results are tabulated in Table 27. 


TABLE 27.—The Correlation Between Leaf Width and Number of Culms in 
the F,, Generation of Gopher X Black Mesdag and the Reciprocal 
as Compared with the Parents. 


Year 
Names of Strains Grown n r 
Cropnerx-Blngio Mendarl arent ias cee cenne race cuir vows teen eer oe oe 1923 323 +0.30-40.03 
iackalesda mix Gopher aver nenccmnjarceauts acta ae as otic oseniduer sees cse 1923 132 +0.24-F0.08 
Grapher xb ankenlendagy Raney hada cen faseulcind oh sence cin ac od elect 1924 308 ++0.41+0.03 
Eunelanrendage GOpheral ate. cc cacas ce ane surasiye triioe se pecare ieacem eae c 1924 314 +0.41+0.03 
Gop Rent See eter otecocee cis see ata ee eee ene eae aac sac Gon a 1924 328 -+0.53£0.03 
las Mi alas TOE Fog Cra cece OSE COE eC Ee AL ee a ae 1924 301 40,470.03 


From the last column of Table 27, it is obvious that there is a 
positive correlation between leaf width and number of culms both in 
the F, generations and the parents. Considering only the plants that 
were grown in 1924, we find that the magnitude of the coefficients of 
correlation between leaf width and number of culms in the reciprocal 
F,, generations is identical and that the magnitude of the coefficients 
for these same characters in the parents is somewhat greater although 
not significantly so. In 1923 the correlation between leaf width and 
number of culms was not as marked as in 1924. The foregoing correla- 
tions are somatie and not genetic since broad leaves and few culms, 
and narrow leaves and many culms were associated in the parents. 


Leaf Width and Date of Heading 


The relation in inheritance between leaf width and date of heading 
was also studied by means of correlation. In the parents broad leaves 
were associated with late maturity and narrow leaves with early 
maturity. In Table 28 are recorded the correlation coefficients ob- 
tained for these characters in the parents of the F,, generations. 

In 1923 the correlation between leaf width and date of heading 
was sensibly zero in both F, crosses, whereas in 1924 there was a slight 
negative correlation between these two characters in the I’, genera- 
tions. The parents which were studied in 1924 only, showed a some- 
what higher negative correlation between leaf width and date of 
heading than did the F, generations grown the same year. These data 
certainly show there was no close linkage between leaf width and date 
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TABLE 28.—The Correlation Between Leaf Width and Date of Heading in the 
F,, Generation of Gopher < Black Mesdag and the Reciprocal as 


Compared With the Parents. 


Year 
Names of Strains Grown n r 
oe x BlackiMesdag Was aes meee an Aerie Caan area oe 1923 323 +0.08-+0.04 
Black Mesdag x Gopher Fa............ a Sorbie stneee eens ac eee eee 1923 132 +0.0740.06 
Gopherx Black MesdagsNas cnana.eosieee nance tn ieee eee 1924 308 —0.152E0.04 
Blacks MeadagexaG opher la wrneiae nate ne cere eee eee ene 1924 314 —0.29F0.03 
Gopher Bx cements Meurer ne eee ate ees cin oe ee eer: 1924 328 —0.44£0.03 
Black: MesdagiPa tr. avsheei tae aoe eRe ES Ne ee ee 1924 301 —0.5020.03 


of heading in this oat cross. Environment seems to have influenced 
the correlation of these characters to some extent as is indicated by 
the difference obtained between the coefficients for the F’, generations 
in 1923 and in 1924. 


Date of Heading and Number of Culms 


The Gopher parent was earlier in heading and had a relatively 
larger number of culms than the Black Mesdag parent. If these two 
characters are linked in inheritance one would expect a negative 
correlation between date of heading and number of culms in the F, 
generation. Such a negative relation was found as is shown in Table 
29. Before drawing conclusions based entirely on the F, generation, 
however, it is necessary to know something of the relation between 
TABLE 29.—The Correlation Between Date of Heading and Number of Culms 


in the F, Generation of Gopher X Black Mesdag and the Recip- 
rocal as Compared With the Parents. 


Year 
Names of Strains Grown n r 
Gopher x Black Meilag Barns scion msstl ehecens ae Speen ee 1923 323 | —0.38-£0.03 
Black Mesdag x Gopbior dak. venetiicsonSiny anita hhc aaee at ee ae ee 1923 132 —0.32-+0.05 
Gopheria Blak Mesdag. Wav. cessi ceases, iasare es ene me e 1924 308 | —0.20-0.04 
Black Menlagix Gopher. F's, Ac... cs ere 1924 314 —0.36£0.03 
Gopher lea isaac cas Ue oe 1924 328 | —0.542+0.03 
Bingl Mosdsg Pilcy-anueits do ase te 1924 eee —0.38-£0.03 
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these two characters in each parent. Such a study was made in 1924 
but not in 1923. 

It is obvious from the last column of Table 29 that a negative cor- 
relation between date of heading and number of culms was found in 
the F’, generations grown in both 1923 and 1924, but it is also evident 
that the negative correlation between these same characters in the 
parents was just as marked (in one case more so) as the negative corre- 
lations in the F, generations grown the same year. Apparently, there 
is no linkage between date of heading and number of culms. 


SUMMARY AND CONCLUSIONS 


1—tThe F,, F,, and in some eases the F, generations of certain oat 
erosses Gopher < Black Mesdag and the reciprocal were studied dur- 
ing two years to determine the inheritance of date of heading, leaf 
width, number of culms, and color of seed. In all, there were grown 
in 1923 6 F, plants, 455 F, plants, and 139 F, families, and in 1924 
there were grown 622 F, plants and 150 F, families. The parents were 
grown at regular intervals among the progeny in both years of the 
experiment. 


2.—KEarliness was found to be inherited as a dominant character 
and some evidence was obtained which indicated that in this particu- 
lar cross there were at least two factor differences concerned. 


3.—Leaf width determined at the widest part of the leaf proved 
to be a variable character and one that was influenced to a marked 
degree by environment. On the basis of a preliminary study the sec- 
ond leaf, numbering from the top down, was found to be most satis- 
factory for measuring. Data are presented to show that leaf width is 
an inherited character, but the manner of its inheritance was not 
determined. The distribution obtained in the F, generation and the 
behavior of the F, families with respect to leaf width was rather 
typical of what occurs when a cross is made involving a quantitative 
character dependent on multiple factors for its expression. One F, 
family grown in 1924 had a mean leaf width significantly less than the 
mean leaf width of any plot of Gopher, the narrow-leaved parent. 


4—Number of culms, like leaf width, is a character which is 
greatly influenced by environment. In 1923 the difference between 
the mean number of culms of Gopher and Black Mesdag was much 
grown in 1923 show that number of culms is an inherited character. 
greater than the difference in 1924. Data on the F, and F, generations 
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5.—Black seed color in the cross reported here was found to be 
dominant to white seed color, and was found to be dependent upon a 
single factor difference for its inheritance. 

6.—No positive evidence of close linkage was found between any 
two of the four characters studied, namely, date of heading, leaf width, 
number of culms, and color of seed. 
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APPENDIX 


The planting plan showing the arrangement of the plots on which 
the F, families and the parents were grown in 1924 is indicated in 
Table 30, and also in Table 31. The end of each series is marked by 
a heavy line. The plots were numbered consecutively and in one direc- 
tion only; thus the first plot of the first series was just opposite, and 
across the alley from, the first plot of the second series. In Table 30 
the frequency distributions of date of heading of the F, families and 
the parents grown with them are shown, and the frequency distribu- 
tions of leaf width for the same plants are given in Table 31. 
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TABLE 30.—Frequency Distributions of Date of Heading of the F, Families 
and the Parents of Gopher <X Black Mesdag and the Reciprocal) 
Grown in 1924. The Planting Plan is Indicated by the Arrange- 
ment of the Strains. 


Dates of Heading (1 — June 26) 

Names of Strains 1 ZS WA Se SGa 7 Nes eo Ona 2 ess M4 Ss eA Bane tekoe an 
IB eiMiess Brewers 2 8) 9) 15") 0) 6 40 
Gopher Pass aseee SoG) al ee 42 
17-626 Fs....0.... 1 6 Ce DN oe} 39 
V756-2 Nee. asec: 1 PA BI REO |e) oy 33 
1726= Sib aye ten eee 4/ 4] 9] 21 ele i) ak 47 
WW =6=4F acc esscios 2 2 | 11 | 4 110 40 
AEG 45 lis seston LH 05 Ft SoCal 4 a T6n eae as eds ero 
IBIUMes bauer oer By Sa Ae) LOS saan Rat 
Gopben!Pa weenie G18) 5. | 12 1 1 43 
IW EAsTLi ee ete oer aire 2 3: |) 8's AOS: 2 43 
SCRUM On Bey aaea a 1 2 4 4} 13] 11 2 5 1 43 
T7628 Bas her cre: 3 SEI teehee Ed 6 43 
17-6=9 Fs.......... Af ON) Tel) eile 20) ol 43 
di7--Grcll Ob Bs ees. 2 12 | 12 7 | 10 1 46 
Bi Mes: (Base. cns te 1 j) ah Di), 2a iL 6 42 
Gopher, Paya. .bens 7 Nala 5} 15 5 43 
17-6411 Baw. ase. 2 1 4 2 6 5 1 27 
WraG-12 Be 3.5520 LN AA ee MAN Lea aa gigs: 45 
A613 aie .c.c2 2 A) OD) KGa 20s 37 
SGA Rise ones. 2 5 7 | 19 6 4 43 
WeaGal5 Ba. i.e... 1 4 5 | 2 2 9 1 2 2 38 
Bly MesnPaescatecr: | ia) |) ill all 28 35 
Gopher Pate a- ee I ae! 9 | 49) 24 8 44 
IWE-G6-16 Msc cseuse Be Soa a Ge ae aly |) ay | 2 42 
IC toe one ann 5 6 9 | 10 3 9 42 
16-18 Bisse vane T2919 29.4]) 24 aS lta 45 
176-19 Bs .cnc. 2 2 4 9 | 10 8 2 2 39 
LG6-80) Wave cornea: 4) 13 | 16 0 9 0 2 1 45 
BiMess Pree eee || Bi He ae 6 41 
Gopher’ Px... 4... Ze Wal 6ul 25 1 41 
ECD so octee 1 9 5 | 18 1 | 10 1 42 
W7=6-B108 s Gone 1 6 6 6 6 | 14 1 6 46 
T6223 Bisa. «nonce. 1 4 7 3 | 26 3 1 45 
726-224 Bay a cmccn 1 0 1 4] 15 3 | 19 3 46 
W=6—25 5H snes 3 9 4 | 20 2 0 2 40 
Blo MesyPas nee SE Yell ee ahh) silt. o 30 
Gopher Pa....< cen. 1 5 8 2} 10 4 5 35 
W=7-26 Bs, .0....2. el il ae | exp ay) ee | |) St 44 
UEP Oe ai aoue tec EP) GN Bet Waly I Zh |) 3 41 
ETERS INS. arabe tne 2 2 1 8 | 15 0 | 12 2 42 
Piet 4 see aon 2 3 5 9 3 | 16 | 21 2 1 2 44 
Lago Lasers ae 2 1 3 | 12 4 | 12 0 5 0 2 0 0 1 | 42 


(Continued) 
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TABLE 30.—Continued. 
Dates of Heading (1 — June 26) 

Names of Strains | 1 TAGs ey ey 1 eno a) oN ed) 2h 43") Vani ter | tentzal decir 
BI. Mes. Pa......... Bl Se TUN el 2 gy; 
Gopher Pi.......... Taal 1a coy 2 40 
RECO R's. vo... ccms. Laer LScleesale 7 3 39 
1: EVP Speen oO ae Oe 47 
TERR Wel. vn cccse- Ze UE SB yp se ail 44 
jy Sh ge ee ol Sb, 9c | ey) OR ay Bae) 2 38 
Tyevel gids waamameer DW 2 test woot tel seh ool atl 37 
Bi: Mes. Pa........- | Pe lk Ba Px lah od | Oem 
Gopher Pa.......... 35195 |) 01) 15-17 9) 2 44 
PTL Bes 02 5.: fete On| 59) 2581) 4a 1 37 
LETA2 Bs. snc. Dale OMe Saletonletoaie one 1 46 
DER aIS BEY os or Coe Oe meSuimiial cde posit 36 
jC Dales 140i Selads 7 2 45 
LTB ERS. 6.05.80 Pel 12 SEA et 42 
BE Mes: Pac. cscs: Balada 2albi4el eons 37 
Géphtr Pass cos.cce DE \i abba! Oo Nest 3 Srl a 35 
VIA ES..05 050: ght ee) Pei ee ae 2 31 
RAT Wee che tcc: she EN al a Se ell Say thal 38 
eS Bake ac08 fell ab Mh ay) ER eI) |) st 40 
jG sD Oe eee ee SHleeta ela) Valmedaletbale ORh dal! at 39 
je (eosidor megeeenee Visa me ea 40 
Bl. Mes. Pa......... By) th) ey |) Nl al! Sie 
Gopherbiteceencee 7, || = aes 4) a Oh ay 42 
TU EPI OOF | ee Baer De tr es PON FE || oll el el ee ak 38 
WEE ATE OF te ee Ra ANE A OnlecSel sale t 13 5 30 
TH28 Rae acs: « A CHm Ones |ftbe ih Onl) v5 1) 07) 22 40 
RISIe2e Wag. goss Cee sle OnlelOniet4e eet) ui) Onl) 21) 90n) 2 37 
PRD yl pees Gree eileen 6 | 16 1 villas jenn 37 
BE Mes. Paso. .sh0 Vs) || oa] OB 34 
Gopher Brie. c.sfeiesiacs 1 | 16 2 | 49 3 2 43 
VES 26 Ba: ces «. AercalatSulee Geely) | vain tl 49 
Weta, ea meneeee ll 1) | SOR GF GU Ot a 45 
TESTOR. ame Napier GH 2h Greet 1.\)-3 45 
MTOR A athens: |) sl ail at I) 32 
WE Gcinllononsee: Baal eataiieginly lalate 33 
Bi Mes: Paes se.ec-i Qe Lal 32h ela 8 44 
Geplter!Patisesar one iE |) 4] el abee a) SON ey 45 
TPSaG HR eh nsise ees 1 Oe eon 28 Ae lz 40 
WERT Betis sees. 0 By eLbe fe Gm 2s! cule 40 
ECS TOP ata ea ene ei a) at Bilal Bl) ei ol yw] @ | a 33 
i UPEG) Sey eee ae Uh 20 SL ep caleba) 2 39 
WCRI on onnon- ul Pesala diel e3ea 40 
Bl. Mes. Pa......... IS cieelp Sa eels open es? 
Gopher Pi.......... ll 3 || see) ae] 4] I 45 
TWEASINNDDFpenonoone 1 |) ae | te | ze) a 41 
176212 Hae eeee LNs) || Zi G2 [at |} a 44 
WELTON g crg boats Bll OG ie | Stef || a 44 
ECE UI, . pAcoeor ANE -6rie15 | 2)|) 8) 3 2 40 
M2815 Hew. Vt 2a 4 e204 8 ach 8 44 


(Continued) 


38 W. Va. AGR’L EXPERIMENT STATION [Bulletin 217 


TABLE 30.—Continued. 


Dates of Heading (1 — June 26) 
Names of Strains 1 2 es 4 5 6 7 8 9210s) Bie 12) 03) ane tS | Ss eize ei Saen 
TUES, Bhs caneose CAG sep ey ate) a 39 
“EGOphior Panaernicce ar LP e28 4 S610 45 
1728: UGB sth cca ses 1 1 1 6 3 3 | 14 2 4 0 5 1 | 41 
W807 Wale cere 1 2 8 5 | 10 | 16 1 43 
17-8-18 Fs......... 2 ane 2 | 11 3 41 
1729207) Fea eee Sa 2) eZ Sa etsat e240) ele aesa ess 
1728-28 Ps. os. 6 i eosel) ey | ia 1 1 | 38 
BiMes Paseet aie 2 9} 1/19} 5 | 36 
GophiersPanen acne 4 10 | 17 2 i 2 36 
US S21 is ets res 9 1 | 14 6 3 2 1 36 
17-822 Fs......... 1 4/11 15 3 1 35 
17-8523 Wei cislelen. cles 2 0 1 8 2 | 10 11 1 35 
Wo8-24 Wer aenscae 4 6 5 | 10 | 18 0 1 44 
V7=8-25: 8)... + ce 1 2 3 5 } 15 1 6 if 3 37 
BE Mess Paicirecrn sie ee ia et Cm Di 3 | 38 
Gopher Pr acssiienes 1 7 | 23 2 2 1 36 
1626-26) Bev e cuties 4 CplpaG! 9 Pan! i 1 1 46 
166-2 Wasson cscs 3 5 | 14 aS 1 39 
NGSGEGHINT. 6 sogeaous 4 10 | 23 1 40 
162624 Ban ietieoce 1 2 0 6 | 18 3 5 35 
LG 6-b'K aint yey. ees 1 2 2) 12 8 | 14 4 43 
Bl Mes. Pa tccecne On| eel 1S a ee Salieae20 
Gopher! Rineericeee NS Marl ee PED HT ay | 40 
166-6) Kae, sents 2 0 4 | 13 0 9 5 33 
1O=G-ablan..rcsieerense 2 1 3 6 | 26 3 4 iL 46 
1G- 6-8. Pee sccercns 2 2 3 3 5 8 0 3 5 1 1 33 
L626: Oo sheet 6 0 6 4/14 5 1 36 
GEGEN I Gna oanee 5 3 7 a 2 2 20 
Bl, Mes: Psccsiwte ov at 2 | 18 4 36 
Gopher Palisae saan USO | PSE Gl a 41 
GEG BUI oo cnades 2 1 4 | 10 4) 15 1 37 
IERIE ESE Goa canees 2 4 8 | 16 0 7 387 
1626-133) eee ane 1 8 | 19 1 2 5 2 38 
16=6--27 Ba. 5 casos 2 6 3 4°) 15 1 5 1 6 42 
Noi GPa anaoson Li) a2 ran 0 ie 3 0 1 40 
Bl Mes: Pasecacwace 2 | 22 i 4 1 2 3 | 35 
GopherPatmeasnente 7 | 19 11 3 1 41 
16-6-16) Manny. accee 2 5 | 18 1 6 4 1 39 
Se a aaanoon 1 4 LEAS 1 7 it 4 i 45 
AGIO SUSIE wera cceai 1 2 9 1) 16 5 41 
TE26-19 Ms. Sscaccs 1 5 3 | 11 | 10 1 1 2 34 
1676-20 e sees ‘| iG | We 1 fl 1 9 1 1 36 
BiSMeswPawcaaeite 8; 3] 20] O| 8 1 | 40 
Gopher"Pasapncecieds 12 Uy bl aut 3 1 45 
Me AGRO ORS 6 Socapan 1 0 0 1 1 7 | 13 4 7 1 iG 42 
EGR DAU. eS ooocane 4 1 1| 14 v | 12 4 43 
16-6-23)biseeeerc 3 | 12 14 | 11 3 43 
16-6-29 Fs.......-- 3 9 4/16 | 12 0 2 46 
16-6-25 Fs Pete aera 7 6 yf ak! 2 6 2 39 
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TABLE 30.—Continued. 
Dates of Heading (1 — June 26) 

Names of Strains SoeSalez (essay to 125) asl 4, as ea etSalin 
BI Mess Pas. cowtaes 3 Si) Sa) 21 i“ 42 
Gan Her Prec once 4} 9| 2] 15-| 18 44 
AGTs26 Rate ece 6| 10/24) o| 1 41 
CE PO ee A | RAO BIG 8 40 
16220. Beran. cs cee. Snteales | 8 1 42 
W6-%=4 B's. oc. 2 0cu 11] 12] 8] 14] 2 47 
162725) Beit ees oe Sell salt Srad[ seed set P al 46 
Bla Mes.-Pxd...<cc-.. Sa} 1291 16) 05)" 7 40 
GonberiEn.. cc ck ose PR abel ACS petal sea 44 
POA7=6 We. hoes an Sate Selee2 10-3 45 
AORET Wane etc oc: rik || Sip) shah 43 
102729 Ps. esc eckc: 2/13} 6 | 10 | 14 45 
{e270 Be"... hoc. i) |) Ze Ih sth, Wee 40 
R6a7=10)He 5 ee GB habe || ale |) Bh at 41 
BE Mes. Pae.c coc. tite |e Lelie 6 5| 6 | 39 
Gopher Px... ..ccce- PAN abel Sel alee 6 31 
Sy Sr Ce 3 Hl) Ae yl Be wf al, Bley 
NGa7Ta1o Pase oe cs {| a0) Bl) Bea Cyl 35 
AGsTa1S Baca <5. ON ones aiseeatl esa lee sailhar 
Gare Bsc oso: Sal Ouran meOalmesulmega| oily 4. 2 29 
16-7215 Peon ost. HP Te TG || ae] 3 35 
BE Mes) Bra.: cts fs a ay es 
Gopher Pr. cc eesar 1 || als|| Sl ey 28 
(YES IRD AP eee 52 \\ OF | aie el Bil ab hi) Be] 32 
ies MOR Peseta ae AML ee Neu 88 4 42 
Ge 722 Stile ee ee 4 | 15 eb Ch) 2 43 
AC 7190 B ssc ccc 0s ss DN eh Ol) ae: Cas 38 
16-7 20)Ns ese: Oy |) Ze he Grip ael 6] 3] 2 1 39 
Bliiles; Pave ...ce..- el ft Di) 35 
Gopher Pro. sce cccct C4 SUS BH aA a 1 40 
Tengeoliate os feet 8| 2] 16 3 40 
16-0222 Bae ose. SeGal tale Guinot 2 45 
TG—7E23 ies: seca it |] | P| | Sha] 43 
16-7-24 Fs......... 2) 25) 8] 5 42 
NOs 7225) Ms vaeees 1 AN etd: te 4/1145) Ani) 6 41 
BI. Mes. Pa......... 25) 125) oy AL 1| 2 | 38 
Gopher Px. 53-020. G7 an 5 39 
1628-26 U's snes 2s P| 7) |) eS | 7h || ole! 3} 4 35 
16-8-2}Hanseneeecos LOPS e275 Oe LO 26 41 
REBAR coweceane 1 | 10 16/13] 1] 3 46 
GCE es aaa anape Ah GS | aE ee 43 
16-85: Biss. scccres AA 20 AG Ghia 13: 33 
Bly Mess Paseo. 3/ 9) 9] 0; 10) 1 32 
Gopher Patras nents Dalegialoalp ae 45 
TGCBIIASS Sosopeee 1} 3 12) 12] 6] 5 39 
16 Savelisheeene teen BPI ee || 1p jah) aa 1 40 
TY pe DY 1-19 | 3) 13] 6) 1 43 
i (PAOMOTON, ohonnenee Su letselmsonietou ed 44 
EDINA: cposcane iN ei] es a re a 40 
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Dates of Heading (1 — June 26) 

Names of Strains | 1 | 2] 3 | 4; 5]|6]|7]| 8 | 9 | 10| 11 | 12] 13 | 14 | 15 | 16 | 17 
Bi Meg.Pic 5.2000 Zs LA Soe Veo aiecoe | 5 
“Gopher Pasce. ceca 1 i‘ 56 | 10 | 13 1 3 
G28 Ns Ae paca 5 2) 11 | 23 0 3 
16-8-12 Fs.-....... 2 5 | 10 7 | 18 1 5 
16-8-138 Fa......... 1 5 | 16 3 | 14 1 
LAS 314 Pao een es 1 1 2 4 1 7 | 29 2 
1628215 F's... ace 24) 25) 38 3 | 6] 3!) 3 
BiNMeswPa.,eccr Pe Wangs ait TOR et ale. 
Gopher Pa. <6. 5 | 18 2 neo 8 
16-8-16 Fs......... Ba fe Ue ell ts) 1482 Sia LON) 2 
ING M5 ll Oe Ae 5 eee MP ese Pe eel ab 
16-8-18 Fs......... Ue a ee TL) sizea ee} 

16-8-19 Fs......... Suet) bal 16 ila 
16-8-20 Fs......... Sl Oa) Sal 2s ace apee 
Bly Mesy Pain enone Za soul Og s sane 1 
Gopher Pate. eee PEN PAD |) P| 903% 
1G-8=210B seer need CA Len PE seh SPM | ab (est 
16--8-22 Fs......... 6 Bea $6 4 
16-823) Fs. ........ 2] 18 1.38 6 1 
16-8-24 Fs......... DAE a2 iO nares tsa a ale oe es 
LG2 825 shige esas Ta OS eo bao 2 
BIoMes. Pa jocc.coee 1 ey Amerie I cesta Ginny etal 
GophertParg eae ICT Suketsai4 


18 
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Effect of Winter Rations on Gains of Calves 
Marketed as Three- Y ear-Oid Steers 


The work reported in this bulletin is part of a series of experi- 
ments on beef-production problems in the Appalachian Mountain 
region that has been in progress since December 22, 1924, in co- 
operation between the Bureau of Animal Industry of the United States 
Department of Agriculture and the West Virginia Agricultural Experi- 
ment Station, on the farm of David Tuckwiller, in Greenbrier County.* 
This farm is situated in the southeastern part of the state, in the blue- 
grass area. The results of this experiment apply not only to West 
Virginia, but also the adjacent states having similar conditions, as 
shown in Figure |. Some of the methods and results may be utilized 
to advantage by cattle feeders in other parts of the country. 

The topography of most of this region is mountainous. Practic- 
ally all the region is suitable for grazing. There are a great many 
valleys and plateaus where the land 
varies from almost level to gently 
rolling. Such land is well adapted 
to pasture and the production of 
cultivated crops. Though the region 
for the most part is cleared of virgin 
forest, there are still large areas of 
cut-over land. The farms vary in 
size from less than 100 to more than 
1,000 acres. On most farms there 
is sufficient tillable land for the pro- 
duction of winter feed. Relatively 
little surplus grain is produced. 

Most of the grass-fattened cattle 
which go annually to eastern mar- 


Fir. 1.—Map showing region to which kets are produced in this region. 
this work applies. The black dot in- 
dicates the location of the farm on The fact that most of them are fin- 
which the experiment was conducted. - 
The shaded portion represents the ished for market on grass alone at- 


Bue ie res pple tests the value of the pastures, which 
an additional area to which the re- consist largely me bluegrass. ore 
sults apply in part. 


use of grain for finishing cattle is not 


*The work of the Federal Department was under the direction of E. W. Sheets, Chief, 
Animal Husbandry Division, Bureau of Animal Industry. 
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One steer was struck by lightning on June 6, 1925, this being the 
only animal lost in the three years. 

The outline in Table | shows how the steers were fed each winter 
until they were fattened on grass as three-year-olds. Only the feeds 
- to be compared are put into the diagram. Corn silage and wheat 
straw were fed to every lot each winter, except Lot III in the first 


winter, which received mixed hay and a grain mixture. 


TABLE 1.—Outline of Three Years’ Winter Feeding. 


1922-23 1923-24 1924-25 
Lot Ration Lot Ration Lot Ration 
A | |(90 head two-|Cottonseed 
I Clover hay (30 yearlings.|\Clover hay year - olds,| meal 
(30 calves)|Corn silage 10 each from Corn silage Lots A, B,/Corn silage 
Wheat straw, Lots I, II, and)\Wheat straw! and C of pre-| Wheat straw 
Ill of preced- ceding winter 
E ing winter) combined) 
Cottonseed) |\Cottonseed | 
I meal B meal 
(30 calves)|Corn silage|(Same as A) [Corn silage | 
Wheat straw Wheat straw | 
Ill Mized hay tl ‘SG Mixed hay 
(30 calves)|Grain ee | (Same as A) /|Corn silage 
FS Wheat straw 
ture 
*Consisted of 3 parts, by weight, of corn, | of bran, and 1 of linseed meal. 


QUANTITY OF FEED CONSUMED AND GAINS MADE 


Table 2 shows the total quantity of the different feeds consumed 
by the various lots and the average daily ration per steer in each lot 
during each of the three winters. 
during the winter. 


All lots were fed to gain in weight 


At the beginning of the second winter feeding period, December 
17, 1923, three new lots were made by taking 10 steers from each 
of the three original lots, and these are hereafter designated as Lots 
A, B, and C. The purpose was to offset the effects of the rations 
fed the first winter and to make it possible to get a fair and direct 
comparison of rations fed the second winter. In order to study more 
in detail the effects of the winter ration on subsequent gains the second 
winter and thereafter, each 10 steers from the original Lots J, II, and 
III of the first winter were numbered A,, Az, Az, Bi, Ba, Bs, and C;, 


C2, C3. The letters designate each lot of 10 steers, and the numerals 


March, 1928) EFFECT OF WINTER RATIONS 7 


TABLE 2.—Average Total and Daily Rations and Gains per Steer During the 
Three Winters. All Amounts Are Given in Pounds. 


| eo je |e lel: 
g | | 7 = ‘4 oaa | ™ 
a e o NI 3 mfes || de, 
= 0 Lot | Winter Feed ky ie we 2 Dus 5 
: Bs me | Se] £92 | as 
| | ce Bo 4) be eaes wa | oe 
| | Ron Aan 43H < on) Rn 
| Clover hay ee a2 400.0 Bid | 
=~ ae ae Corn (silase .2]0>..... Ipo28im5 12.3 !|-388 446 58 
= Ss || Wheat straw ae 124.0 I 3) | 
= A {Cottonseed meal . __.. DP al Jf | 
Sues Th eee oe silage ee aie eee On all lee ou LOS. 462 79 
a) || Wheat straw .. ..... 4125 She) 
Sailer sei Wixeds hayen. . 2.0... .| 1,240.0 10.0 389 502 113 
| Grainemuixture =)... 368.5 SiO) 
iiGlovermhay sane. soe 603.0 DO 
Jae De eee '{ Corn stage! PA seas 2,166.0 18.0 5/5) 662 87 
@ ||Wheat straw ........ 242.0 2.0 c 
x a Cottonseed meal _.... 120.0 0 
2 BY es Fe 2 Gorn silaccmee ene 2,166.0 18.0 576 655 79 
ao || Wheat straw .... 30 603.0 Bye (0) 
= liMixed hay =.=... 2.0... 603.0 Deh 
Ce co Corn silage ........ 2ACG On| 18209) 5750) O15 ah n40 
| Wilreabestraws -os) anne ie 242.0 De iQ J 
< | All three| (Cottonseed meal .....| 135.2 1.1 
= 9) lots the (Goran Sikyeas 2.2) 2 2 | SPA | One OOS 940 35 
= a same ||Wheat straw ..... . 607.5 4.8 
*Consisted of 3 parts, by weight, of corn, | of bran, and | of linseed meal. 


indicate the source from which they came. For example, the numeral 
1 identifies the 10 head taken from the original Lot I. By referring 
to Table 2 it may be seen that Lot A was fed clover hay, corn silage, 
and wheat straw during the winter of 1923-24 (second winter), and ° 
that Lot I also received the same feeds the first winter. Ay, then, 
identifies 10 head of steers fed the first winter on clover hay, corn 
silage, and wheat straw, and the second winter on the same ration. 
C; designates the 10 head fed during the winter of 1923-24 on mixed 
hay, silage, and wheat straw, and the previous winter on mixed hay 
and grain mixture, and so on. The gains made by the steers on pas- 
ture during the summer periods are shown in Table 3. 


Reference to Table 2 shows that during the first winter Lot I 
gained 58 pounds; Lot II, 79 pounds; and Lot III, 113 pounds. Dur- 
ing the following summer (Table 3), Lot I gained 127 pounds; Lot 
II, 119 pounds; and Lot III, 99 pounds per steer. 
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TABLE 3.—Average Total and Daily Gain in Pounds per Steer on Pasture 
During the Three Summer Periods. 


he < < 
¥ d Days on wR Ca 5 g 
ears an wor Yoo 
Pasture core soe E = oF ms > 
aCe gote& | ¢ 2 
| 63a3| EBaa Es a 
i Nog Se racy TARE ed 446 S83 P27. 6.54 
O28 (OBC cays)... .)silil o224. 7 462 581 119 0 
WELT eee aces oe: 502 601 99 142 
(Age. Wek 662 | 898 236 98 
1924 (241 days)....|;B ae a 5) | 916 261 1.08 
eee cle Sk ie ee ee 615 900 285 Hens: 
1925 (141 days)...:.| All combined .. 940 1,259 319 2226 


During the second winter Lot A gained 87 pounds; Lot B, 79 
pounds; and Lot C, 40 pounds. In the second summer Lot A gained 
236 pounds; Lot B, 261 pounds; and Lot C, 285 pounds. 

These data show that when the cattle are turned on grass in the 
summer (without additional feed) the lots which gain heavily during 
the previous winter do not gain so much in the following summer, and 
that the lots gaining least in winter make relatively large summer 
gains. 


COMPARISONS OF WINTER RATIONS 


In order to make a more complete study of the effect of different 
winter rations from year to year on the grass-fat steers ultimately pro- 
duced, Table 4 was prepared. 

Since all 90 head were fed the same ration during the third 
winter, as noted before, Table 5 comparing the first two years is given. 


3 & yy HESS 2 Gi EGR 
Fig. 3.—Three-year-old Steers at Close of Experiment, on Arrival at J i 
Fier ee : ival at Jersey City Market, 


March, 1928) EFFECT OF WINTER RATIONS 9 


TABLE 4.—Average Weights of Steers at Beginning and End of Each Winter 
Period in Pounds. 


| 
| 
| 


3 : : g (as 
Lots and Rations e - ¢ * Fl - # a: 
$a) Fa] faite] sslge| fe [ge 
lanlttalaal <a) acide) go la 
| | 
Ai, 10 steers from Lot IJ, fed clover hay, | | 
silage, and straw first winter _. -'1385|4421555|652/874|900]1,200/815 
Ao, 10 steers from Lot Il, fed cottonseed 
meal, silage, and straw first winter .1371}447)562|/635|879/919]1,213|842 
As, 10 steers from Lot III, fed mixed hay | 
and grain mixture first winter : '398|515|609|698/940|969/1,302/904 
Lots A:,2,; fed clover hay, silage, and | | | 
straw second winter | 
B:, 10 steers from Lot I fed as A; . 1374|432|/542|615/858|902/1,202/828 
Be, 10 steers from Lot II, fed as As .... '391/476|589/680/947/999/1,268/877 
Bs, 10 steers from Lot III, fed as As 1379|488|/599|/671/942/965|1,291/912 
Lots Bi,2,; fed cottonseed meal, silage, | | 
and straw second winter | | 
C.,, 10 steers from Lot I fed as Ai... . '404|465|592/632|927/960|1,307/903 
Cs, 10 steers from Lot II fed as Ao... 1387|463/561|607/886|933|1,284|897 
Cs, 10 steers from Lot III fed as As '390|502|572|608/891|919/1,259/869 
Lots C1,2,2: fed mixed hay, corn silage, | 
and wheat straw second winter | 


COST OF RATION 
To figure the cost of wintering and summering the steers (Table 
6) it becomes necessary to fix the prices for feeds used in the experi- 
ment. On account of fluctuations of the market, and also for sim- 
plicity in making the various calculations, an approximation of the 
local market feed prices per ton and pasture per day for the three 
years was used as follows: 


(Ceorae GEVERS) Se Pee SF a ee er ene ee in ae ee $ 6.00 
Cottommacd! teil oat ee Se ee ee eee eee eee 50.00 
Viisceocl Mic ae eee RE Pe OR CR AR a eran re se reuse @ igen 10 18.00 
lanwer Thies f.. 2 ae ae oe i Si Pe ee Or ere eR oer eee 17.00 
Wihh@eave cineenie «of 2 co Ee ara a pee re re ae rere ane 7.00 
Gr aneINEC Tecan eee eee es ep rea, Se PhS wilt an ge deb a 39976 
Pasture per day: 

Westin ae. Lich gaa ot UES ai oreo, PRS ne aerate 7, Cee esr area 03 

DSPACE A, ea gate ck a Oat RE os RN ra ca OS 

Sergeniealiakce = zoey eR een ee eer ens ONE ate tai iw Ow ecoiit _10 


The cost of the winter feed was considerably more than the cost 
of summer feed, yet the gain was made chiefly in summer. 


ANALYSES OF FEEDS 
The feeds used during the winter feeding in these experiments 
were analyzed by the West Virginia Agricultural Experiment Station. 
The analyses are shown in Table 7. 


*Based on corn at 96 cents a bushel, wheat bran at $40 a ton, and linseed meal at 
$56 a ton. 


10 
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TABLE 5.—Comparison of Winter and Summer Gains, in Pounds, First Two 


Years of Experiment. 


First Year | Second Year rhe 
| 
5 i Sum-| Ss | Winter Ree 8 3 
G Winter mer | 5 mer| “2 Be 
&) | o BE 
- | 88] 3 | a | $3) 3 18 
Ration & £ = Ration 5 at = eee 
On | on Feo 
A: | Clover hay, silage, Clover hay, silage, | | | 
and straw NA] MNS UO and straw 97 | Jogeg | SOY |) SAC 
A» | Cottonseed meal, CLOG ee Poy any ean 73 | 244 | 317 | 334 
silage, and straw | 76] 115 | 191 | 
A; |Mixed hay and iC Ome pre Stee 8951-2427) 33 19) 3162 
grain mixture 117 94211 
Bi Clover hay, silage, Cottonseed meal, 
and straw 58/110! 168) silage, and straw 73 | 243 | 316 | 344 
Bo | Cottonseed meal, aK AO We eae 91 ZO Saez 
silage, and straw | 85 | 113 | 198 
B; | Mixed hay and LEAO Ae pecs wale 72 | 271 | 343 | 349 
grain mixture OD | WA || ZAG 
C, | Clover hay, silage, Mixed hay, silage 
and straw 61 | 127 | 188 and straw 40 | 295 | 335 | 380 
Cz | Cottonseed meal, BPE: (oVapatty wn Rseoende 46 | 279 | 325 | 398 
silage, and straw | 76 98 | 174 
C3 | Mixed hay and Che AS bata 36 | 283 | 319 | 368 
grain mixture Welez 70 | 182 } 
| | 


Groups A;, B;, and C, were fed as Lot I the first winter. 

Groups Ao, Bs, and C, were fed as Lot II the first winter. 

Groups As, Bz, and C; were fed as Lot III the first winter. 

During the second winter all A groups constituted Lot I, B groups Lot II, and C 


groups Lot III. 


TABLE 6.—Cost per Steer of Winter Feed and Summer Pasture, and Cost per 
Pound of Total Gain. 


an 

5 3 | 
a z | Cost of Feed per Steer Bos 
Lots aa BES 
Deas 5 5a 5 58 2 ‘38.8 
B55| £8 | ge | Ee ES ax a Cea 
ooo se eo Bo aS so Eb re oes 
io ae 815 |$ 8.42/$7.08/$12.48/$12.05/$15.33/$14.101$69.46|1 8.5 
PES Noni 842 8.34) 7.08 12.48] 12.05] 15.33] 14.10] 69.38] 8.2 
Ave 904 | 18.49/ 7.08} 12.48] 12.05] 15.33] 14.10] 79.53] 8.8 
Bie 828 8.42) 7.08) 11.61] 12.05] 15.33] 14.10] 68.39! 8.3 
Bs a ee, 877 8.34) 7.08) 11.61] 12.05) 15.33] 14.10] 68.51] 7.8 
Ba epee 212 | 18.49) 7208) 1161 12.051) 154 33) 14 10lezanceinane 
Clee 903 8.42) 7.08) 12.78] 12.05] 15.33] 14.10] 69.761 7.7 
Oe 897 8.34) 7.08] 12.78] 12.05] 15.33] 14:10] 69.68| 7.8 
Crees 869 | 18.49/ 7.08) 12.78) 12.05] 15.33] 14.10] 79.83] 9.2 
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TABLE 7.—Analyses of Feeds, Reported in Percentages. 


| Nitro- 
Feed Year | Water | Ash Protein Fiber | gen-Free) Fat 

| | Extract 

| | 
Silacemee neat... | 1922-23 | 64.0711.06| 2.64 5.92 | 24.87 | 1.44 
1923-24 | 60250) /3 15 3.06 7.43 | 24.37] 1.49 
Glovershay fo... 25: 1922223," 560) 4.77 Br Sis) 40270 382525 ele80 
1923-24 6.34|5.20 SSO S44 1425 55025016 
Wised bay => 2255 -.- | 1922-23 5.901 4.96 8 647352545042, 75582221 
1923-24 5.10 | 4.04 Ne | BS | SO. a6 | A638 
Wheat straw ...... SV hO22-23 4.87 | 4.03 4.48 | 41.66 | 43.68/ 1.28 
| 1923-24 5.08 | 3.49 4.08 | 42.27 | 43.44] 1.64 
aay 9, (els eee ee LOZ2EZ Sa Os O0 ula 2S 9.98 2.58 | 73.20] 4.41 
Linseed meal ........| 1922-23 I-93) 14.86) 39.76 aA || Soy WM I 75 UA 
Cottonseed meal .....| 1922-23 844 | 55940534528 12-951 32.02) 6.37 
1923-24 8:14) 6.56 | 36.46 | 11.42 | 30.78 | 6.64 
Syetel LAS eee eee | 1922-23 | TRO M6. 60)) > A6y el ONG IN a3) 645 ts 248 
CONCLUSIONS 


From a study of the growth curves shown in Figures 4 and 5 it 
may be seen that a loss in weight during the last two months of the 
grazing periods occurred both in 1923 and 1924. In other words, 
the average weight of the 90 steers on October 10, 1923, was practic- 
ally the same as it was six months later, or April 18, 1924. This 
suggests a point worthy of more study and investigation. This loss 
of weight after frost comes in the fall and before putting the cattle 
into winter quarters should undoubtedly be avoided. The solution 
may lie either in supplementing this late fall pasture with grain or in 
placing the cattle into winter quarters earlier. 

As a rule the lots of calves and yearlings which made the least 
winter gains made the greatest summer gains, and conversely the lots 
gaining most in winter gained least in summer on pasture. 

Differences in gains made by calves and yearlings during the 
winters, 1922-23 and 1923-24 brought about by the rations fed were 
minimized during the summers of 1923 and 1924 when they were on 
pasture. 

There were relatively little differences between the average an- 
nual gains of the different lots of calves and yearlings at the end of the 
first and second summer grazing periods. When these lots of calves 
and yearlings were then fed the same winter ration as two-year-old 
steers and finished on pasture as three-year-old steers all lots sold in 
Jersey City at the same price per pound. Therefore, the cost of win- 
tering rations, fed in this experiment, is of relatively greater import- 
ance than the kind of ration when fed to calves and yearlings that are 
to be finished on pasture as three-year-old steers. 


i2 W. VA. AGR’L EXPERIMENT STATION (Bulletin 218 


AUN IER FELEONG SIFTER CGICIZIVG 
PEPR/OO-OLC. 22, PILL OD VILYVE/L 2S, 
4922 FO APL ZE, GET AG LAA ORG GM FE ia 
SPER -S2A OPS SES. 296 LAI S. 

—— = ~\~— a 


N 
8 


ny 
Q 


Q) 
9 
9 


O 
Q 


G 
S 


rN 
S 


WEI CGL MEVCGNT AO OF LZR, POUNDS 


CCLALE. 
VOA. 7 
MERE? UIE 


y 

Ne SO Oe”) ep ee 8) 

Ape Noo ONSEN ee Nein oa) Won 

G * § © Se \ YA 
Y Va N 

VV ERR ESS 


Het ains of Steers During Winter and Summer, December 22, 1922, to December 
0 23. 


March, 1928) 


AUN TER KELEONG 
PERIOO-OEC. /2, 
1923 FO 4APP/L/8, 
(928k — / 20 DAVE. 
pee 


7000 


EFFECT OF WINTER RATIONS 


SYISFLER GRAZING 


FO DEC./5, (P28 - 
24/ DIS. 


~~ 


PEPREIOD TIPLE £ FE, 1 924 


q 
9 


sa) 
IS 
9 


AN) 
S 


GOO 


ICELCIGL VGHEIVGYT” OF EF LERE, POUNOS 
N 
s 


! 


| a 

Sr nes 
Nea Oumaky eo Jy 
Seyi Ven vies 
Sart ae ao 8G 


Fig. 5.—Gains of Steers During Winter and Summer, December 19, 1923, to December 15, 
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FERRETED FACTS 


Fourteen years (1914-28) of experimental investiga- 
tions as to feeding of beef cattle on the Tuckwiller Farm 


show conclusively: 


1.—That the cost of winter feeding is the most im- 
portant factor in the economy of beef production for the 


area represented by this work. (See Figure |.) 


2.—That the use of corn silage will lower the cost of 
winter feeding and when fed along with the ordinary farm 
roughages will enable the farmer to feed more cattle for a 
longer period than he can on the same feed if fed in a dry 


state alone. 


3.—That corn silage with a good leguminous roughage 
makes a satisfactory and economical wintering ration for 


cattle of any age including breeding cows. 


4.—That winter gains exceeding 75 pounds on three- 
year-old steers are excessive unless the cattle are extremely 
thin when placed in winter quarters, or it is desired to mar- 


ket them as early as July. 
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You Are Invited 


Farmers who live in the Greenbrier Valley 
section or whose business or pleasure brings them 
within proximity of Lewisburg are cordially in- 
vited to visit the Tuckwiller Farm and see at first 
hand the cooperative experimental work that ts 
being conducted there with beef cattle. 


A three-year experiment with three-year-old 
steers has just been completed, in which two 
grades of steers, good and medium, were com- 
pered, and grass alone for summer feeding con- 
trasted with grass supplemented by grain. Re- 
sults of this work are being prepared and will be 
published at an early date. 

Starting in the fall of 1928 further work with 
grain feeding will be continued for a three-year 
period. Younger cattle will be used and a study 
of the time at which to begin grain feeding on 
grass will be made. 


The Tuckwiller Farm is readily accessible at 
all seasons of the year being located on the Mid- 
land Trail 4 miles west of Lewisburg and 106 
miles east of Charleston. It is suggested that a 
visit to the farm would make a good tour or vaca- 
tion trip for a group of farmers who might ar- 
range to make the trip together. Any group de- 
siring to visit the farms and see this experimental 
work may obtain information as to the times at 
which winter feeding will begin and end, summer 
feeding begin, and final summer weights be taken, 
by writing to the Animal Husbandry Department 
of the West Virginia Agricultural Experiment 
Station at Morgantown. 


Beef Cattle In West Virginia 


The raising of beef cattle has a very definite place on 
many West Virginia farms as an important farm enterprise. 
The profitableness of the enterprise, however, depends upon 
how well the farmer understands the fundamental principles 
of feeding, care, and management and is able to apply them. 


The West Virginia College of Agriculture is striving 
through the work on its Experiment Station to discover facts 
about the raising of beef cattle that will be of help to the 
farmers in the state in making the enterprise more successful 
and profitable. 


These facts are disseminated in three major ways: (1) 
By the teaching staff of the College through resident instruc- 
tion to students; (2) Through the work of Extension Division 
and its field representatives—the livestock specialists and 
county agricultural agents; and (3) Through the means of 
publications which are distributed free to those interested. 


If you have any special problems, in handling your beef 
cattle, consult your county agricultural agent, or write to the 
College for suggestions and aid. One of the following pub- 
lications of the Experiment Station may contain the informa- 
tion you need: 


Bul. 186, Effect of Winter Rations on Pasture Gains of Beef 
Calves and Yearlings. 


Bul. 190, Feeding Experiments With Grade Beef Cows. 


Bul. 191, Effect of Winter Rations on Pasture Gains of 
Two-Year-Old Steers. 


Cir. 40, A brief extract of bulletin 191 (8 pages). 


Bulletins and circulars on other farm problems are also 
available for distribution. A complete list of available pub- 
lications will be issued about January 1, 1929. Write for it. 
Address your request to 


COLLEGE OF AGRICULTURE 


West Virginia University Morgantown, W. Va. 
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The Inheritance of Rachilla Length and Its Relation 
to Other Characters in a Cross Between Avena 
Sativa and Avena Sativa Orientalis 


The inheritance of quantitative characters such as yield, size of 
plant, and others of like nature has been much less extensively studied 
than the inheritance of qualitative characters. The reason is found 
largely in the fact that they are usually much less easily analyzed and 
often present rather complex problems. Quantitative characters are 
often so influenced by environmental conditions that genetic differ- 
ences are obscured. A number of workers have, however, demon- 
strated that the inheritance of size characters may be explained on a 
factorial basis similar to that of the inheritance of qualitative char- 
acters. Sax (16), Lindstrom (9) and others have pointed out the 
desirability of attempting to correlate size characters with easily rec- 
ognized qualitative characters and thus facilitate the analysis of the 
former in any inheritance study. 

A quantitative character that is relatively stable under varying 
environmental conditions is obviously very desirable for making a 
study of the nature of size inheritance. In the present study the size 
character chosen, length of rachilla in oats, seemed to offer an excep- 
tionally stable character and one that could be studied in relation to a 
number of definite qualitative characters. 


REVIEW OF LITERATURE 


East (2) made a study of the inheritance of corolla length in a 
tobacco cross. This study is taken as typical of many size inheritance 
studies made by East. In this tobacco cross the corolla length in the 
F, generation was intermediate between the two parents and was only 
slightly more variable than the more variable parent. The F. genera- 
tion ranged between the two parents and had a much greater varia- 
bility than either the parents or the F, generation. In the F3; and 
succeeding generations families were recovered with various lengths 
of corolla. Some of these families showed a variability no greater 
than that of the parents, while others were more like the F» in this 


respect. The data indicate that the inheritance of this character can 


*Presented to the faculty of the Graduate School of Cornell University, Ithaca, N. Y., 
June, 1926, as a major thesis in partial fulfillment of the requirements for the degree of 
Doctor of Philosophy. Submitted for publication as a Station Bulletin, October, 1926. 

Acknowledgement is due to Dr. H. H. Love, of Cornell University, for his helpful 
direction and guidance during the course of this investigation, and to Dr. R. J. Garber, of 
West Virginia University, who contributed many valuable suggestions with respect to out- 


lining the problem and handling the data. 
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be explained on a multiple factor basis. In this paper East outlines 
certain requirements which, if met in a size inheritance study, tend to 
indicate that the results may be explained on a factorial basis. 


Quisenberry (15) in a study of the inheritance of length of grain 
in an oat cross found the F; to have grains intermediate in length while 
the F, ranged from one parent to the other. In 150 F; families, two 
were recovered with a mean length as short as the short parent and 
four with a length as great as the long parent. Between the extremes 
were lines that apparently bred true for intermediate lengths. The 
results were explained on the basis that the parents differed by at 
least three main factors or groups of factors for grain length. 


Garber and Quisenberry (6) studied the inheritance of date of 
heading, leaf width, number of culms, and color of seed in another 
oat cross. Earliness was found to be inherited as a dominant character 
with evidence of a two factor difference. Leaf width was found to be 
a variable character. One F3 family was recovered with a leaf width 
less than the narrow-leaved parent. The data indicated that this char- 
acter was controlled by multiple factors. The number of culms was 
also found to be greatly influenced by environment, but the data in- 
dicated that it was an inherited character. Seed color was found to 
be due to a single factor difference. No evidence of linkage was 
found between any of the characters studied. 


Noll (14), in a study of the inheritance of earliness in crosses be- 
tween early and late varieties of oats, found the F, generation to be 
as early or earlier than the early parent. The F2 ranged beyond the 
extremes of both parents. Homozygous races were obtained in F3 and 
F, which covered the same range as the F2. Earliness was apparently 
due to a series of dominant factors, which together had a cumulative 
effect. The data, the author states, indicate but do not prove con- 
clusively that the factors had the same effect. 

Caporn (1) crossed an early with a late variety of oats. Two 
lines out of 106 Fs; families were found to be as early as the early 
parent but no lines were recovered that were as late as the late parent. 
The author explains the results obtained on a three factor basis. Late 
ripening was found to be closely associated with the amount of 
tillering. 

Nilsson-Ehle (12) made a study of various size characters. These 
studies have been reviewed by Hayes and Garber (8). Transgressive 
segregation was found in oat crosses involving differences in height, 
leaf width, kernel size, and number of florets per spikelet. The re- 
sults were explained on a multiple factor hypothesis. Nilsson-Ehle also 
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obtained transgressive segregation for date of maturity in certain oat 
crosses. Homozygous forms were obtained in the Fs progenies which 
were earlier than the early parent and also some that were later than 
the late parent. 

The linkage of size factors with certain qualitative characters 
have been noted by several workers. Tedin and Tedin (18) crossed 
a two-rowed hulled with a six-rowed hull-less barley. The two-rowed 
barley was about ten centimeters higher than the other variety. The 
inheritance of type of spike and of the hull condition was explained 
on single factor differences which were independent of each other. 
Evidence for linkage between the factor for two-rowedness and a 
factor for plant height was found. The authors state that evidence 
was also found that heterozygosity in the factor for two-rowedness 
had a marked “‘stimulating’’ effect upon height of plant. 

Sax (16) studied the relation between size of seed and pigmen- 
tation of seed in beans. A linkage was found between factors, or 
groups of factors, for seed weight and factors for pigmentation and 
pattern of the seed coat. 

Lindstrom (9) in a study of inheritance of size of tomatoes 
found that a factor for size of fruit was linked with a factor for skin 
color. 

Griffe (7) using barley, studied the relation of resistance to 
Helminthosporium sativum and certain morphological characters. 
He concluded that resistance to this disease was controlled by at least 
three factors or groups of factors apparently linked with the factors 
determining the character pairs: six-rowed versus two-rowed; black 
versus white glumes, and rough versus smooth awn. The linkage was 
not complete as resistance or susceptibility could be combined with 


any desired morphological character. 


MATERIALS AND METHODS 


The object of the study reported in this bulletin was to attempt 
to determine the mode of inheritance of a definite size character, length 
of rachilla in oats, and its relation to certain other qualitative charac- 
ters. The material for this study was obtained by making a cross 
between Early Gothland (Avena sativa) and Garton 784 (Avena 
sativa orientalis). 

The Early Gothland parent has a pubescent rachilla approxi- 
mately 2.7 millimeters long on its lower grain (Fig. 1), while in the 
Garton 784 parent the rachilla is extremely short, being only approxi- 
mately 1.6 millimeters long. It is free from pubescence except for an 


occasional hair. 
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cp 


Early Gothland is a white grained variety, has an open type of 
panicle (Fig. 2), and has a leaf with a very prominent ligule. The 
Garton 784 parent has black colored grains, hag a side type of panicle, 
and has no ligule at the juncture of the leaf blade and the leaf sheath. 
The parental material used all descended from a single panicle of each 
variety selected from pure line material grown in the Plant Breeding 
Nursery at Morgantown, West Virginia, in 1921. The reciprocal 
crosses were made in 1922. 


Figure 2.—Panicle types of th AH 
Jad onl tights PESO e parental varieties. Early Gothland on left and Garton 
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An F, generation was grown in the greenhouse during the winter 
1922-23. The plants were late in maturing so that only enough 
seeds were secured to grow an F, population of 290 plants in 1923. 
A few additional F; plants and also parental material were grown 
with the F, generation in the field. Larger F, populations were grown 
in 1924 and 1925. A few F, plants and also parental material were 
grown with these each year. In 1925 Fs; families were grown from a 
number of the F2 plants. 

All material in this study was grown in rows five feet long and 
spaced one foot apart. Twenty seeds were planted per row. At the 
end of each row and set off by a small stake, three seeds of Victory 
oats were planted in order to eliminate border effect as far as possible. 
These plants were pulled and discarded before any of the plants under 
study were harvested. When it was necessary to plant only a part of 
a row of the material under study on account of lack of seed, the 
remainder of the row was planted to Victory and the plants discarded 
in the same manner as the border plants. 

The F3 families from which it was planned to get rachilla meas- 
urements were all planted in five-row plots except in a few instances 
where there was not enough seed. Rachilla measurements were made 
on 60 such Fs; families. In addition to these, 75 families consisting of 
only one row each were grown in order to get additional data on the 
relation of the ligule and panicle type. The five-row F3 families were 
all from Fy; plants grown in 1924 while the single row families were 
from both the 1923 and 1924 Fs. plants. The parental material in 
1925 was grown in 18 three-row plots distributed among the F» and 
the F; families. Both parents appeared at distances of from 23 to 36 
rows apart. The average distance apart of the parental material was 
30 rows. 

A plot of each variety was also grown on rich and poor soil in 
1923 for the purpose of studying the influence of the productivity of 
the soil on the length of the rachilla. 

The rachilla measurements were made by means of a pair of 
proportional dividers (Fig. 3) using a ratio of 10 to I and reading 
the measurements on a millimeter scale. The units in which the meas- 
urements are reported are in terms of .| millimeters. A mounted read- 
ing glass was used to facilitate making the readings obtained with the 
dividers. 

The classification of the panicle type and the ligule note were 
made in the field before the plants were harvsted. The classifications 
for color of grain and for rachilla pubescence were made at the time 


that the rachilla was measured. 


10 W. VA. AGR’L EXPERIMENT STATION (Bulletin 219 


DETERMINATION OF SIZE OF SAMPLE 


Before proceeding with the measuring of the F, material it was 
necessary to make measurements of the rachillas of the parental ma- 
terial in order to determine how many grains would be necessary for 
a dependable sample from each plant. Preliminary measurements 
made in 1922 had shown that the length of rachilla did not vary 
significantly on grains taken from the base to tip on the same panicle 
nor on grains from different panicles of the same plant. The leading 
panicle was therefore chosen to represent each plant measured. The 
grains selected from this panicle were taken in a systematic order from 
the tip to the base of the panicle.. 


The preliminary measurements also indicated that the short 
rachilla parent was probably the more variable as measured by the 
coefficient of variability. This parent was therefore chosen for making 
a determination on the size of sample required to represent a plant. 
For this study 15 grains were taken in systematic order from tip to 
base of the leading panicle from 100 Garton 784 plants grown in 1923. 
Samples consisting of three, five, and eight grains from each panicle 
were then made up from the original 15-grain samples. Frequency 
distributions were then made of the means as secured by these different 
samples. ‘The statistical constants obtained are shown in Table 1. 


Fig. 3.—Equipment used in making rachilla measurements. 
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TABLE 1.—Statistical constants for length of rachilla for samples of 3, 5, 8, and 
15 grains obtained from 100 plants of the Garton 784 parent grown in 


P23: 

Se 3 
Me A a 
yf ov Means in .1 mm. Standard Coefficient 
2 Q : andar 
EB E| EE =e Deviation Variabilit < 

& = 0 MA 
Zon Zn 

100 16.570+0.070 1.042+0.050 6929350230 0.703 


100 | 16.630+0.065 | 0.966+0.046 | 5.8140.28 | 0.652 


8 HOOT ELG 3 700.057" (N028522: 00040) (5740.24 1 05575 


15 100 | 16.510+0.054 | 0.806+0.038 | 4.88+0.23 | 0.544 


The data of Table | show that there is no significant difference 
in the means for length of rachilla, whether three, five, eight, or fif- 
teen grains were selected as a representative sample. The standard 
deviation and the coefficient of variability are reduced as the size of 
sample is increased. It was decided to use a sample of five grains 
from each plant as a representative sample for determining the length 
of rachilla. 


DETERMINING THE SIZE OF F; FAMILIES 


The question also arose as to how many plants it would be nec- 
essary to grow in order to obtain a dependable estimate of the breed- 
ing behavior for the length of rachilla in any particular family in the 
F; and later generations. This question was of considerable import- 
ance in this study on account of the amount of time it required to 
make the measurements. 

For this study the F. population grown in 1923 was used. The 
290 F2 plants were first divided into 10 samples of 29 plants each by 
selecting plants |, 29, 58, and so on, for sample number one, plants 
2, 30, 59, and so on, for sample number two, and proceeding in the 
same way for the other eight samples. In a similar way six samples 
of 48 plants each, five samples of 58 plants, and three samples of 96 
plants were made up. Statistical constants were then calculated for 
each of these samples. These constants are given in Table 19 of the 
appendix. In Table 2 a summary is given of the results obtained. 

Since the coefficient of variability is the constant which is fre- 
quently used to determine if any F3; family is homozygous for any 
given set of size factors, a comparison of this constant in the various 
samples will give an indication of the number of individuals which 
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TABLE 2.—Range in means and in coefficients of variability for length of 


rachilla when samples of 29, 48, 58, and 96 plants were taken from the 
F, generation grown in 1923. 


ee . a Range in Means Range in Coefficients of Variability 
28 3s| 276 

gun EE 

Fis ZO High Low High Low 

29 EPO | 2221722200289 Mie 220 7-E0 295 12.292 1.10493. 0020.71 
48 6 || DIOU7SE0, 214 | ZO O27/s20 212 (12273-0479 WES c9 TOO 
58 5 | 21.69020.211 | 2b.36220.174 1122425071 9.1940.57 
96 Bi) Zl Gy/Ses OO 21.000+0.142 10.66+0.53 | 9.48+0.46 
290 I 2165.2 = 0.083 | Saase (747) 


x! 


will be required to give a trustworthy sample of the F2 generation. 
Since no Fs families with a variability greater than that of the Fs. are 
ordinarily expected in any cross of this kind involving size factors, 
any sample that is found satisfactory as a representative of the F2 
population should be large enough to be taken as a trustworthy sample 
of any of the F3 and later progenies grown. 


Table 2 shows the coefficient of variability ranges from 8.00+ 
0.71 to 12.29+1.10 when samples of only 29 individuals were taken. 
The wide range in this constant indicates that this would not be a 
sample large enough to fairly represent the entire F. population. 
When 48 plants were used the coefficient ranges from 8.91+0.61 to 
11.27+0.79. The coefficient of variability for the entire population 
is 9.65+0.27. As the number of individuals in the samples is in- 
creased to 58 and 96 respectively the range between the high and low 
coefficients becomes less. From these data it would seem that about 
50 individuals in the F; families could be accepted as being a trust- 
worthy sample. On account of the other characters studied in con- 
nection with the size character it was decided to plant 100 seeds for 
each F, family where enough seed was available but to measure only 
a random sample of 50 plants taken from each family. 


EFFECT OF SOIL PRODUCTIVITY ON LENGTH OF RACHILLA 


In order to study the effect of the productivity of the soil on the 
length of rachilla a plot of each parent was planted on both rich and 
poor soil. The rich soil plots were located on land that had at one 
time been used for gardening purposes and which had received heavy 
applications of fertilizers and manure. The plots located on the poor 
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soil were located on a ridge where the soil was in a very low state of 
productivity. The plots consisted of 15 five-foot rows each. 


The heights of all plants were taken before harvest. Each plant 
was harvested and threshed separately. The grains for measuring 
were removed from the leading panicle before threshing. One hun- 
dred plants taken in order from each plot were used for rachilla 
length determinations. In tabulating the data obtained, only the 
yields and heights from the plants on which rachilla measurements 
were made have been used. A summary of the results obtained is 
given in Table 3. 


TABLE 3.—Means for length of rachilla, yield, and height of individual plants 
of Early Gothland and Garton 784 parents grown on rich and poor soil 


in 1923. 
» . 
@ ® Average Lensth of Average Yield . 4 
Parent ieee Wa Soa Rachilla in .1 | in a baaie ness 
Bee Sl ee mm. Units Grams 
Zom|Mon 


Early Gothland | 100/ Rich | 27.720+0.067 | 6.9540.25 | 114.7040.55 


Early Gothland LOOWMPoorl'2 5.85 002 07/6 e269): Or 10) 760 5)==0)5 512 


Garton 784 100 Rich | 16.710 0.055 OF 2 = Olan MOD id= OF OZ 


Garton 784 LOO", Boor 16r | 20=5 02053713 787 == 0-140) 18 0n3 a =210 749 


It is clearly evident from the results shown in Table 3 that there 
_ was a considerable difference in the productivity of the soil between 
the two plots both as measured by yield and by the height of the 
plants. The difference between the two plots of Garton 784 was 
relatively less in both instances than between the plots of Early Goth- 
land. 

It is also evident that the productivity of the soil has influenced 
the length of rachilla in both parents. In the Early Gothland parent 
the difference between the length of rachilla in the rich and poor soil 
plots amounts to 1.870+0.101 units and in Garton 784 it is 0.590 
0.076 units. Even with soil differences as extreme as these were, the 
differences in rachilla length were not large. Evidently this character 
is very stable and only relatively little influenced by soil differences. 


INHERITANCE OF LENGTH OF RACHILLA 


The mode or inheritance of length of rachilla was studied by 
making measurements of the hybrid material as described previously, 
computing statistical constants, and analyzing the data from a bio- 
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metrical standpoint. In this cross no significant difference was found 
between the reciprocal crosses in the inheritance of length of rachilla 
or in any of the other characters studied. In the tabulations and other 
data presented the two crosses are, therefore, combined. 

A summary of the results obtained in the three years for meas- 
urements of the parental material, the F, plants, and the F, populations 
is given in Table 4. The data show that the length of rachilla varied 
only slightly in the different years both in the parents and in the Fy 
populations. The means for the Early Gothland parent were 27.5124 
0.060, 26.608+0.054, and 26.885+0.019 units for the three years 
1923, 1924, and 1925, respectively. Between the years 1923 and 
1924 there was a difference of 0.904+0.081. This is a relatively 
small difference but significant in the light of its probable error. The 
difference between the means of this parent for 1924 and 1925 was 
0.277+0.057. The difference is about five times its probable error 
and indicates that there was less difference in seasonal influences be- 
tween 1924 and 1925 than between 1923 and 1924. When the 
means for the years 1923 and 1925 are compared there is found to be 
a difference of 0.629-0.063. This difference may also be considered 


as significant. 


The coefficients of variability for this parent were 5.52+0.15, 
5.69+0.14, and 3.18+0.05 for the three years, respectively. It is 
obvious that there was no difference in variability in this parent as 
measured by the coefficient of variability between the years 1923 and 
1924. The difference in this constant, however, between the two 
years 1923 and 1925, 2.34+0.16, shows that this parent was less 
variable in 1925 than in the other two years. As will be shown later 
this was also true of the Garton 784 parent. 


The means for the Garton 784 parent were 16.731+0.040, 
16.119+0.034, and 16.210-+0.016 for the three years, respectively. 
The difference in means for the years 1923 and 1924 was 0.612+ 
0.052 units. This is not a large difference, but is significant in the 
light of its probable error. The difference in means for this parent 
between the years 1924 and 1925 was 0.091+0.037, a difference 
less than three times its probable error and, therefore, not considered 
significant. The difference in means for the years 1923 and 1925 
was 0.521 +0.043, which may be considered as a significant difference. 

The coefficients of variability for this parent for the three years 
were 9.89-+0.17, 5.38+0.15, and 4.37+0.07, respectively. Between 
the years 1923 and 1924 there was a difference of 0.51+0.23. This 


difference is not significant in the light of its probable error and, 
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therefore, this parent is like the Early Gothland in that there was no 
difference in variability in the first two years of the experiment. Be- 
tween the years 1924 and 1925 there was a difference of 1.01+0. 16, 
which is significant. The difference for this constant between the 
years 1923 and 1925 was 1.52+0.18, which may also be considered 
as an actual difference. Like the Early Gothland parent the Garton 
784 parent showed less variability in 1925 than in the other two 
years. 

By means of the coefficient of variability the variability of the 
two parents may be compared directly. These constants did not 
differ significantly between the two parents in 1923 and 1924 but in 
1925 there was a difference of 1.19+0.09. This shows that in the 
latter year the Early Gothland parent was less variable than the other 
parent. 

The means for the F, populations were 21.548+0.087, 21.1854 
0.062, and 20.938+0.056 units for the three years 1923, 1924, and 
1925, respectively. The difference in means between the years 1923 
and 1924 was 0.363--0.107 and between the years 1923 and 1925 
it was 0.610+0.103. The difference is approximately three times its 
probable error in the former case and six times its probable error in 
the latter case and, therefore, both are considered significant. The 
difference in means between the years 1924 and 1925 was 0.2474 
0.084, a difference which is a little less than three times its probable 
error. The F. population, therefore, is like the parents in that the 
mean length of rachilla in the years 1924 and 1925 was slightly less 
than in 1923. 

An examination of Table 4 shows that in variability, as measured 
by the coefficient of variability, there was no difference in the Fe 
generation for the character under study between the years 1923 and 
1924. Between the years 1924 and 1925 there was a difference of 
1.71+0.28, which is significant. In respect to variability, therefore, 
the F, showed less range in 1925 than in the previous years and was 
similar to the parents in this respect. 

In all three years the F,; plants showed a rachilla length which 
was approximately intermediate between the parents. The Fs popu- 
lation ranged between the two parents although in no year were plants 
obtained with rachillas reaching the extremes of the parents. 

The variation in length of rachilla from parent to parent in the 
F., with the mean of the population approximately midway between 
them and also a gradual falling off in numbers in the classes from the 
mid point to the two extremes, suggests that the inheritance of the 


length of rachilla can probably be best explained on a multiple factor 
basis. . 
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If the factors concerned in the inheritance of this character were 
of equal value and had a cumulative effect, a normal frequency curve 
would be expected in plotting any F» distribution. As may be seen 
from Table 4, the type of curve obtained in plotting the F, distributions 
obtained in any year shows a considerable variation from a normal 
frequency curve. Skew curves such as the ones obtained suggest that 
the factors involved are either of unequal value in determining the 
length of rachilla or are modified by factors of unequal value. 


BREEDING BEHAVIOR OF F; PROGENIES FOR LENGTH OF 
RACHILLA 


Sixty-one F, plants from the 1924 F, generation were grown 
in F3 families in order to test their breeding behavior for the inherit- 
ance of the length of rachilla. One of these families, | 8-2-48 row 290, 
produced only seven plants. No measurements were made on these 
plants due to the lack of sufficient numbers. In subsequent tables this 
family is left out of consideration thus leaving 60 families on which 
measurements for length of rachilla were obtained. The Fs plant 
from which this family was grown was continued in Fs, even if there 
were only a few seeds available because it seemed to be a False Wild 
oat plant. This proved to be the case as shown by its behavior in 
the F3. 

In four other F3; families, 18-4-77, 18-5-31, 19-1-65, and 19-4-27 
the number of plants matured were 45, 43, 38, and 15, respectively. 
The small number of plants in these families was due to lack of seed. 
In all other cases 50 plants were used for making length of rachilla 
determinations. The data obtained in measuring the length of rachilla 
of the F, families and of the parental material grown with these are 
shown in tables 20, 21, and 22 of the appendix. 

In choosing the Fs plants for continuing in the F'3, a number from 
each class for length of rachilla were chosen. The number from each 
class was approximately in proportion to the total number in that 
class in the entire F. population, except that nearly all the plants in 
the extreme classes were included. The plants were also chosen so 
that they would afford a test for the breeding hehavior of the other 
characters studied. 

A comparison of the distribution of the entire F, population and 
of the F» plants selected for continuing in the F; is shown in Table 5. 

A distribution was obtained which represented the F: population 
fairly well, except for the extreme classes where proportionally more 
plants were included than in the intermediate classes. If the inherit- 
ance of length of rachilla is explained on a multiple factor basis, it 
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TABLE 5.—Comparison of the total number of F: plants, grown in 1924, in 
various classes for length of rachilla and the number from each class con- 


tinued in F; progenies. 


Plant Designations Classes for Length of Rachilla in Units of .1 mm. 


15-16 | 17-18 19-20 | 21-22 23-24 25-26 27-28 


Total No. F2 plants a 4 44 a7 191 97 32 4 


F. plants tested in Fs | 4 | 6 12 19 9 7 3 


would be expected that there would be a greater probability of the 
extremes breeding true for a certain length of rachilla than any of the 
intermediate classes. For this reason more of the extreme classes were 
included. 
CORRELATION BETWEEN F. PLANTS AND THEIR F; 
PROGENIES 


In order to determine to what degree the length of rachilla is 
inherited, a correlation coefficient was calculated for the means of the 
F, plants continued in the F; and the means of these F3 families. The 
distributions are shown in Figure 4. 


Mean Length of Rachilla in Fs; 
i} 7/ 18 19 20 21 2 23 24 2S 26 Total 
te é 
4 16 2 2 4 
a 17 | 2 3 
4 18 2 | 3 
6 19 2 | | 2 6 
i 20 | 4 1 6 
© 21 5 3 1 1 10 
< 22 | 4 4 9 
6 3) 2 1 | 4 
f=] 24 A | 5 
25 | 2 3 
26 | 1 1 | 4 
27 | | 2 
28 | | 
Total | 2 7 ~ 8 13 14 4 5 | 2 60 


woe On. S0Ose0 OU 


Fig. 4.—Correlation between average length of rachilla in F, plants and the mean 
length of rachilla in their Fz; progenies. 
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The coefficient obtained, r — 0.886-+0.019, indicates that length 
of rachilla is an exceptionally stable size character, and that the F, 
gives a good indication of what may be expected in the F3; progeny 
from any plant. 


VARIABILITY IN F; PROGENIES 


The coefficient of variability was used as a criterion for deter- 
mining which F3 families were breeding true for certain rachilla lengths 
and which appeared to be heterozygous for the factors determining 
this character. 


The coefficients of variability ranged from 2.55+0.18 to 3.614 
0.24 for the various plots of the Early Gothland parent grown in 1925 
(Table 20). In the Garton 784 parent this constant varied from 
3.26+0.22 to 5.01+0.34 (Table 21). For the Fs grown this year 
the coefficient is 8.28+0.19 (Table 4). Omitting family 19-5-13, 
which segregated for false wild oats and is therefore not considered 
in this comparison, the F3 progenies varied from 4.06+0.27 to 9.09+ 
0.61 (Table 22). In Table 6 a frequency distribution has been made 
of the coefficients of variability and of mean length of rachilla for the 
different F; families. 


TABLE 6.—Variability in length of rachilla in the F; progenies grouped by 
classes for length of rachilla. 


Mean Length Classes for Coefficient of Variability of the F; Progenies 
of Rachilla 
in units of | | | | = 
-1 mm. 4.0 ! 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 S:0ieo £ 
2 | | | | | = 
17 I I | 2 
ee, 2 alts Wei eee ee 
19 I I I | 4 
20 | ion) Palade os 8 
21 ee lee el fay ieee eee elo 
De | 3 5 | | eZ is} 
23 I 2 | 4 
24 I | l I | | 3 
25 | | 
26 I I 2 
Totals 2 2 | 4 |10 10| 4 Bs 8 Sie 5 59) 
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If the highest coefficient for the parental material (5.01 +0.34) 
is taken as marking the upper limit of variability expected in lines 
homozygous for a certain length of rachilla, we find there is one family 
breeding true for a rachilla length of 17, three for 21, one for 22, one 
for 24, one for 25, and one for 26. Apparently one family has been 
recovered breeding true for approximately the same length of rachilla 
as the Garton 784 parent and also one with a rachilla approximately 
as long as the Early Gothland parent. Between these extremes there 
are on this basis six other families breeding true for intermediate 
lengths. If a three factor difference with all factors of equal value be 
assumed, it would be expected to recover one family breeding true for 
each extreme and six intermediate homozygous families in a random 
sample of 64 individuals. The distribution of the homozygous fam- 
ilies among the various intermediate classes for length of rachilla is 
not in very close agreement with what would be expected on such a 
three factor basis. The F3 breeding behavior supports the theory that 
the inheritance of length of rachilla may be put on a multiple factor 
basis, and also that the factors concerned are either not of equal value 
or are modified by factors of unequal value. 


INHERITANCE OF OTHER CHARACTERS 


The inheritance of ligule, panicle type, color, and rachilla pube- 
scence was studied both independently and in their interrelation to 
each other and to the length of rachilla. 


Inheritance of Ligule 


The Early Gothland parent in this cross had a leaf with a promin- 
ent ligule at the juncture of the leaf blade with the leaf sheath, while 
the Garton 784 parent was without a ligule. The ligule is ordinarily 
a very easy character to classify in inheritance. Occasionally, how- 
ever, a plant is found where the ligule is so poorly developed that it 
resembles a liguleless plant. In the 60 F. plants continued in F3 one 
plant should have been classed as liguled that was classed as liguleless 
and one plant where the opposite was the case (Table 23). The Fi 
plants were all liguled indicating that the liguleless character is re- 
cessive. 

Table 7 presents the results obtained with this character in the 
F, population. 

The results obtained are practically identical with the calculated 
ratio when it is assumed that the inheritance of this character is due to 
two independently inherited duplicate factors. Love and Craig (11) 
found that inheritance of ligule was due to a one factor difference in 


May, 1928) INHERITANCE OF RACHILLA LENGTH 2) 


TABLE 7.—Inheritance of ligule in the F> generation. 


No. of F, Plants Dev. 
Year Deviation Probable 
Liguled | Liguleless Error P. E. 
1323. 270 20 
1924 | 495 | 34 
1925 | 41 ligudaes 
Observed total | 1176 79 
Calculated 15:1 ratio! 1176.6 | 78.4 OFIO 5y, fo | OFSLO 


some varieties of oats and two in others. Garber (5) found a two 
factor difference for the inheritance of this character. Nilsson-Ehle 
(13) found that this character segregated in a monohybrid ratio in 
one cross while in others its inheritance could be explained on the 
basis of a two or three factor difference. 

In all the different F, populations grown it was found that the 
liguleless condition was very closely associated with the side type of 
panicle. On account of this relationship between these two characters 
it is necessary to take both into consideration in analyzing the data 
for either one in the Fs. 

If the liguled condition is dependent upon a two factor difference 
as the F. generation indicates, it would be expected that all liguleless 
F. plants would breed true in the F3 generation while some of the 
liguled forms would breed true for this condition and others segregate. 
In one-half of the segregating lines a 15 to | ratio would be expected 
and in the others a monohybrid ratio. 

With the one exception previously mentioned all liguleless F. 
plants continued in the F3 bred true for this condition. Evidently this 
plant should have been classed as liguled. The breeding behavior of 
the F. plants in the F; progenies for the various characters studied is 
given in Table 23 of the appendix. 


Inheritance of Panicle Type 


The Early Gothland parent has an open, spreading panicle while 
Garton 784 is characterized by a side or ““horsemane’’ type of panicle. 
The F; plants were all intermediate. There seemed to be considerable 
variation in the expression of this character, some of the F; planis 
resembling the open type more than the side type while in others the 
reverse was true. The expression of this character appears to be in- 
fluenced considerably by the environmental conditions and by the 


stage of maturity of the plants. 
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The inheritance of panicle type was apparently closely associated 
with or influenced by the factors producing the liguleless condition. 
No open liguleless forms were found among any of the F, populations 
grown. This relation suggests that there either is a very close linkage 
between one of the factors for ligule and the factor or factors for 
panicle type or that the absence of both of the factors for the liguled 
condition prevents the factor or factors for open panicle from func- 
tioning. Since no open liguleless plants were found among the 1255 
F. plants grown, it was assumed that the latter was the case. On the 
assumed basis that the liguled condition is dependent on independent- 
ly inherited duplicate factors and the open panicle type depends on a 
single factor difference independent of the two factors for ligule, but 
inhibited from functioning by the absence of both of the factors for 
ligule, it would be expected to obtain in Fy a proportion of 45:15:4 of 
open panicled liguled plants, side panicled liguled, and side panicled 
liguleless plants, respectively, or a proportion of 45 open to 19 side 
panicled plants. The results obtained and the calculated numbers 
are presented in Table 8. 


TABLE 8.—Inheritance of panicle type in the F: generation. 


No. F, Pl | 
o 06 Fa Planks Devin Probable Dev. 
Year ENA AELOR Error 5 
Open Panicle | Side Panicle | Pe. 
1923 19] 99 
1924 380 | 149 
1925 280 156 
Observed total 851 404 
Calculated 45:19 ratio 882.4 BIDS 31.4 10.92 2.88 


The agreement of the observed with the calculated is fairly good, 
the difference being 2.88 times its probable error. In one out of 18 
chances a deviation as large as this might be expected from random 
sampling and, therefore, the hypothesis appears plausible. The Fo 
population grown in 1924 agrees much better with the theoretical 
than do those grown in either of the other two years, the deviation be- 
ing only a little more than its probable error. The Fs breeding be- 
havior of the F. plants grown in 1924 shows that the classification for 
penicle type was relatively free from errors. One plant was evidently 
classed as side which should have been classed as open while in an- 
other case the reverse was true. 
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The breeding behavior of the F, plants grown in 1923 when 
tested in Fs progenies shows that two plants classified as side in that 
year should have been classed with the open panicled class. These 
plants segregated for panicle type and, therefore, were heterozygous 
for this character. The high percentage of side panicle plants in the 
1925 Fs: population suggests that in this year, also, probably a num- 
ber of the plants classed as side panicled were actually heterozygous 
for this character and should have been classed with the open panicle 
forms. When the fact is taken into consideration that this character 
seems to be considerably influenced by environment and thus over- 
lapping of classes is likely to occur, the data undoubtedly support the 
theory that in this cross the inheritance of panicle type is due to a 
single factor difference. 


When the two characters, ligule and panicle type, are considered 
together the results shown in Table 9 were obtained. 


TABLE 9.—Inheritance of ligule and panicle type in the F» generation. 


Ligule Present | Ligule Absent 
Year 
Open | Side Open Side 
i 1923 | 191 Z 79 0 20 
1924 ee ae 0 34 
1925 ioe) eT EApel 0 25 
Observed total | SEA O Mle 0 Cao 
Calculated 45:15:4 ratio, 882.4 294.1 | 0 78.4 
X? = 4.368 P10 ie 


Without correcting for the apparent errors in classification in 
1923 and 1925, the observed shows only a fair agreement with the 
calculated, P — 0.116 or 12 times in 100 trials would deviations 
as great as these be expected from chance selection. If the 1924 
population alone is considered, the fit is very close; the calculated 
being 372, 124, and 33, while the observed were 380, | 15, and 34 
for the three classes, respectively. X° is less than one showing a very 
close fit. The data give further evidence in support of the assumed 
factorial analysis for the inheritance of ligule and panicle type. 


A summary of the breeding behavior for ligule and panicle type 
of the F; progenies grown from the 1924 F». plants in the five-row 


plots is given in Table 10. 
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TABLE 10.—Breeding behavior for ligule and panicle type of the F; progenies 
grown in 5-row plots in 1925. 


F; Progenies 
Number Liguled Seg. for cual Liguleless 
F, Plants oars 7 , | 
Opensieuled 21 Soa eocuniinal ¢ 
Corrected 20 Bo he Gea aol 6 : as: 
Sideieaied 22 20 | nat. 
Corrected 23 | | 21 | 10 
Bide ieuteless 17 1 mies 
Corrected (7a 0 | 17 
Total. (Gorfected) im eo Seo <i 17 
Galculated 60m suite 2410e7 (O,6\2ns aye. 


The 21 F. plants classed as open-liguled bred as follows in the 
F; progenies: Eight bred true to the open-liguled condition, six bred 
true for ligule but segregated for panicle, one bred true for side- 
liguled, and six segregated for both ligule and panicle. The F2 plant 
producing the side-liguled progeny should evidently have been classi- 
fied as side-liguled in the F: and has, therefore, been added to this 
class in the corrected tabulation. 

The number of families in each class obtained from the open- 
liguled plants agrees fairly well with the calculated. 

With the exception of one plant which segregated for ligule all 
the F. plants classed as liguleless bred true for this condition. In the 
corrected totals the plant segregating for ligule is classed with the side- 
liguled plants. 

All of the F, plants classified as side-liguled and continued in the 
F, bred true for side panicle. One plant bred true for the liguleless 
condition. It should evidently have been classified as liguleless and 
has been put with this class in the corrected totals. 

Of the 23 side-liguled F. plants on the corrected basis two bred 
true for ligule and 21 segregated. The calculated proportion is 10.7 
liguled to 12.3 segregating. In this case the observed does not agree 
very well with the theoretical. Although the numbers are small, it 
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would seem that for some undetermined reason more of the heterozy- 
gous side-liguled plants were selected than of the homozygous ones 
for continuance in F3. Some factor may also be present which causes 
a modification of the expected ratios in this class. 

In addition to the foregoing test of the 1924 F». plants, 15 addi- 
tional progenies were grown in single rows. It is realized that the 
number of plants grown is too small to obtain any definite ratios. The 
chief aim was to find out if the side and liguleless condition bred true. 
The results obtained are given in Table 24 of the appendix. Only 
side panicled plants were used in this supplementary test. All ligule- 
less plants bred true for this condition. One of the side-liguled plants 
segregated for panicle type and evidently should have been classed 
as open in the Fs. Two of the other nine side-liguled plants bred true 
for this condition while seven segregated. Here again the proportion 
of side-liguled plants breeding true is too small as compared with the 
calculated. 

In addition to the foregoing tests of the Fs plants grown in 1924, 
65 single row families were grown from the 1923 Fy. plants. The re- 
sults obtained are shown in Table 25 of the appendix. A summary is 


presented in Table 11. 


TABLE 11.—Breeding behavior of F; progenies from 1923 F, plants grown in 
single rows in 1925. 


F, Progenies 
Number Liguled Seg. for Ligule Liguleless 
F, Plants of F, Seale 
Plants 
8 ® A © s o 
o bo an on 
Sj) a) a o/s a| Oo) a | a 
Open liguled 11 5 6 wy | 
Corrected 13 3 a 3 
Side liguled eed eyes 1 | 29 | 
Corrected 33 0 3° | 0 30 
Side liguleless 15 | 14 
Corrected 14 0 14 
a 
Total (Corrected) 60 3} 7 3 3) 30 14 
Calculated 60 DB, ON | S.44 NW WN 5) 14 
: 
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Two plants classified as side panicled in 1923 segregated for 
panicle in the Fs; test in 1925. They evidently were heterozygous and 
should have been classed with the open panicle group. Likewise one 
of the plants classed as liguleless was heterozygous. Again in this 
test there were too many of the side-liguled F. plants segregating for 
‘ligule in the F; progenies as compared with the class breeding true 
for ligule and side panicle. 


In the three tests made of the breeding behavior of ligule and 
panicle type in the F; progenies, the results obtained agree fairly satis- 
factorily with the calculated except in the case of the proportion of 
progenies breeding true for the side-liguled condition and those segre- 
gating for ligule and breeding true for side panicle. The results in- 
dicate therefore that panicle type is conditioned by a single factor 
difference. It also seems safe to conclude that the presence of both 
factors for the liguleless condition in the homozygous state prevents 
the development of an open panicle. 


Nilsson-Ehle (13) explained the inheritance of panicle type on 
the basis of one, two, and three factor differences in various oat 
crosses. A very close association was found between panicle type 
and lizule in certain crosses. No open liguleless forms were obtained 
in aay of the crosses made In one cross between an open-liguled 
variety and a liguleless side-panicle variety, the results obtained were 
explained on the basis that two independent duplicate factors for 
ligule were present in the liguled parent and that both of these factors 
had an influence on the panicle type. The presence of one of these 
factors alone would produce an intermediate panicle. The other factor 
alone would produce an intermediate panicle also, but more dense 
than the former while the absence of both would result in a side 
panicle. In other crosses there were apparently factors for panicle 
type present which did not influence the ligule and also factors which 
would produce a ligule but did not affect the panicle type. 


Quisenberry (15) found a two factor difference for panicle type 
in the oat cross which he studied. Gaines (3) and also Wakabayshi 
(19) found irregular segregation for panicle type in the F. generation 
and obtained forms breeding true for the intermediate condition as 
well as for open and side panicles in the F; progenies. Garber (4) 
obtained results indicating a one factor difference for the inheritance 
of panicle type. 
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Inheritance of Color 


In this cross the Early Gothland has a white grain while the color 
of the Garton 784 grain is black. The plants in the cross were either 
classed as black or white, no attempt being made to make further 
divisions on the basis of intensity of the color. The F, plants all had 
black seed indicating that black is dominant. The segregation in the 
different F, populations is shown in Table 12. 


TABLE 12.—Inheritance of color of grain in the F. generation. 


Number of F. Plants | 


| Dev. 
eee Black Wie fe Deviation eee” | ~ POR. 
1923 223 67 4 i 
1924 403 126 
1925 Ti ee as, 
Coc |. 835 320 | . 
terete cnc BAT. 254.4 9313.75 «dee 6.25 701232 0.61 


The observed numbers agree very closely with a 3:1 ratio and 
indicate that color in this cross is due to a single factor difference. 


In classifying the F3 lines for color of grain the first fifteen plants 
were used as a basis for the determination, except in ten of the segre- 
gating lines where a count was made for a verification of the F» ratios. 
A summary of the breeding behavior for color of the Fs lines is given 


in Table 13. 


TABLE 13.—Summary of breeding behavior for color of the F; progenies. 


| F, Breeding Behavior 
Color of F. Plant ; 
Black Segregating White Total Families 
Black 13 Wy 40 
White | 20 20 
Observed 13 tall 20 60 
Calculated 353} KS 71 | 20 60 


All F. plants classed as white bred true for this color while those 
classified as black segregated in the ratio of 13 to 27 for lines breeding 
true for black and lines segregating for color. The calculated is 13.3 
to 26.7. The F; breeding behavior, therefore, verifies the assumption 
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that a one factor difference is concerned in the inheritance of this char- 
acter. These results are in agreement with results obtained by Love 
and Craig (10), Gaines (3), Garber and Quisenberry (6), and other 
Nilsson-Ehle (12) found three separately inherited color 
factors each allelomorphic to its absence in a certain oat cross. 


workers. 


‘Through the interaction of these factors four classes for color were 
obtained, black, gray, yellow, and white. Other workers have also 


reported similar results when certain crosses were made. 
Inheritance of Rachilla Pubescence 


The study of the inheritance of pubescence on the rachilla was 
The Early Gothland parent 
The Garton 


784 parent has a smooth rachilla with only an occasional hair on some 


based on the rachilla of the lower grain. 
has a rachilla usually with a number of rather fine hairs. 


grains. In classifying plants for this character the five seeds from each 
plant used for making rachilla measurements were also used for mak- 
ing the pubescence determination. A plant was classed as hairy if 
any hairs were found on any of the grains examined. Since an occa- 
sional hair is sometimes found in the smooth parent this classification 


The F, plants all had smooth 


results in some overlapping of classes. 


rachillas. The results obtained in the F. populations are given in 
Table 14. 
TABLE 14.—Inheritance of rachilla pubescence in the F2 generation. 
Number of F, Plants | 
Year - | Deviation Ren as eens 
rror 
Smooth Hairy PE 
1923 BIDS, 65 
1924 355 174 
SB) 3)3) | 105 
Observed total 911 344 
Calculated 3:1 ratio 941.25 SIB5 V3) We 2S (lO BY 2.94 


The total observed numbers agree fairly well with the calculated, 
the deviation being slightly less than three times its probable error. 
The proportions in the years 1923 and 1925 agree very closely with 
the calculated 3:1 ratio while in 1924 there were too many in the 
hairy class. It would seem that for some reason there was more over- 
lapping of classes for this character in this year than in the other two. 
A check on this is afforded by the breeding behavior of the 60 Fs 
progenies grown from [924 Fy», plants and which were classified for 
this character. 
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In classifying the F; families for rachilla pubescence the first fif- 
teen individuals were used as a basis for classifying the families. In a 
number of the segregating families counts were made of the propor- 
tion of smooth and hairy individuals in order to check the ratios ob- 
tained in the Fs generation. 

A summary of the breeding behavior for rachilla pubescence in 
the F3 progenies is shown in Table 15. 


TABLE 15.—Summary of breeding behavior for rachilla pubescence in the Fs 


progenies. 
F, Breeding Behavior 
Classification of F, Plant Total Families 
Smooth Segregating | Hairy 
: = a 
Smooth | 14 27 | I 42 
Hairy | 4 14 18 
Observed (Corrected) 14 3] | 15 60 
Calculated 15 30 | 15 60 


From the 42 F. plants classified as smooth, |4 lines bred true for 
this condition, 27 segregated for smooth and hairy, and one bred true 
for the hairy condition. Evidently this latter plant should have been 
classified as hairy in the Fs. Fourteen of the F. plants, classified as 
hairy, bred true, while four segregated. On the assumed basis of a 
one factor difference with smooth condition dominant, these four 
plants should have been classified as smooth in the Fz, When these 
F. plants are reclassified on the basis of their breeding behavior the 
number of lines breeding true and the number segregating agree very 
closely with the calculated. The observed are 14 to 31, and the cal- 
culated 15 to 30, respectively. The F; breeding behavior, therefore, 
verifies the assumption that rachilla pubescence in this cross is due to 
a single factor difference with smooth rachilla dominant. 

On the basis of the breeding behavior in the F3 and assuming 
that the same proportion of overlapping of classes occurred in the 
remainder of the F» classification in 1924, 30 plants should be changed 
from the hairy class to the smooth class in the 1924 F» population. If 
this were done, the observed and calculated totals for the three years 


would be: 


Smooth Hairy 
Observed 941 314 
Calculated 941.25 Bil 


A number of individuals were, no doubt, classed in the wrong 
group in the other years, also, so that the close fit is probably coinci- 


dental. 
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Surface (17) found that pubescence of the rachilla together with 
six other characters were completely linked with wild base in a cross 
between wild and cultivated oats. These were all inherited in a mono- 
hybrid ratio. Absence of rachilla hairs was found dominant to the 
hairy condition. 


INTERRELATION OF CHARACTERS 

In order to determine if any of the characters studied tended to 
be associated in their inheritance, the Fs plants were classified in 
various combinations. The breeding behavior of the F; progenies 
shows that some of the F, plants were wrongly classified for rachilla 
pubescence. Since only the 1924 F. can be checked from the breeding 
behavior of the F3 progenies, the Fs grown in this year is used in the 
various groupings where rachilla pubescence is one of the characters 
studied. With the exception of the relation found between the ligule 
character and panicle type, which has already been discussed, no 
association in inheritance was found between any of the qualitative 
characters studied. Table 16 is presented as typical of the method 
used. All the different qualitative characters studied are included in 
this table. 

In Table 16 the correction for pubescence has been applied as in 
the other tests with this character. The deviation from the calculated 
is such as might be expected by chance two times in five trials, P = 
0.410. From these tests it seems safe to conclude that the four char- 
acters are all conditioned by factors that are independently inherited 
and that the relation between the factor differences which cause panicle 
type and the liguled condition is of the nature assumed. 


CORRELATION OF RACHILLA LENGTH WITH OTHER 
CHARACTERS 

In order to determine if there is any correlation between the 
inheritance of length of rachilla and any of the other characters 
studied, the means were calculated for the F. plants in each contrast- 
ing class for the various characters. If there was no significant differ- 
ence found in the means between any two contrasted classes it was 
concluded that no correlation existed between that particular character 
and the length of rachilla. In addition to this test the means for length 
of rachilla of the F; progenies breeding true for the contrasted char- 
acters and those segregating were thrown into frequency distributions 
from which a mean of means was calculated for each class. The rela- 
tionship between any character and the length of rachilla could thus 
be studied in these progenies and the results could then be used as a 
check on the results obtained in the F, generation. 
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Pubescence and Length of Rachilla 


In Table 17 the means for the pubescent and the smooth segre- 
gates in the F, populations and the means for the F., progenies breed- 
ing true for the hairy condition, segregating, and breeding true for 


smooth rachilla are compared. 


The data show that in all three F. populations the means for the 
length of rachilla were greater for the hairy segregates than for the 
smooth and in no case was the difference less than ten times its prob- 
able error. This is taken as evidence that the characters pubescence 
of rachilla and length of rachilla are definitely associated in inheritance. 


As a further test of this relationship, coefficients of contingency 
were calculated for pubescence and length of rachilla in the F2 genera- 
tions. The following coefficients were obtained in the various F» 
populations: 1923, C = 0.346 + 0.046; 1924, C = 0.416 = 
0.033; 1924, C = 0.321 + 0.039. In all three years there was a 
positive correlation between these two characters. This method of 
analysis, therefore, also shows the linkage relation which exists be- 
tween pubescence and length of rachilla in their inheritance. 


When the F3 generation is considered it is also seen that the 
families breeding true for the hairy condition had a greater mean 
length of rachilla than either the segregating families or those breeding 
true for smooth rachilla. The families segregating for this character 
also had a greater mean length of rachilla than those breeding true 
for the smooth condition. In no case was the difference less than 
three times its probable error. This is further confirmation that these 
two characters are definitely associated in inheritance. 


Since it has been shown that the inheritance of pubescence of the 
rachilla is dependent upon a single factor difference and that the 
length of rachilla may be explained on a multiple factor basis, it seems 
logical to conclude that the factor determining the inheritance of pu- 
bescence of the rachilla is in the same linkage group as one or more 
of the factors determining the length of rachilla. 
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Ligule, Panicle Type, Color of Grain, and Length of Rachilla 


The means for length of rachilla of the various classes for ligule, 
panicle type, and color were calculated in the same manner as these 
were calculated for the classes for pubescence of the rachilla. 


summary of the results obtained is given in Table 18. 


A 


TABLE 18.—Mean length of rachilla in different contrasted classes in the F2 and 
F, generations. 


Number of Plants and Mean Length of Rachilla in Units of .1 mm. 
i=] 
Description S 1923 1924 1925 
«6 
é 2 | Means | S Means eo Means 
Liguled Fe |270|21.548+0 090/495 21.178+0.065|/411/20.934+0.057 
ieateiene F:] 20|21.550+0.311| 34|21.294+0.222| 25|21.000£0.275 
Liguled F; 16/20.875= 0.331 
Seg. for ligule |F; ZANT 23 70==10829 6 
Liguleless F; | 17|20.882+0.291 
| 2] 
Open panicle |F2/191 21.5344 0.110/381/21.097+0.074 280|/20.811+0.069 
Side panicle F.| 99 21.576+0.140/148/21.412+0.1141156 21.167+0.094 
Ones aniclne. 8120. 125420.56 
Seg. for panicle |Fs | 12/21.250+0.451 
Side Panicle F; | 40/21.250+0.205 
Black grain Fs |223|}21.453+0.102/403/20.980+0.070/309/20.861+0.068 
White grain Fo | 67|21.866+0.158/126/21.841+0.125]127/21.126+0.097 
Blech eee ] 15/20. 800+ 0.338 
Seg. for color |Fs | 25|/20.400+0.267 
White grain F; 20/22.150+0.279 


It is evident from a consideration of the data given in Table 18 


that there was no correlation between the inheritance of the length of 
rachilla and the inheritance of either ligule or panicle type. The dif- 
ferences between the means for the various classes are not significant 
in the light of their probable errors. 
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The differences in length of rachilla between the black and white 
grained classed in the F. generation for the three years were 0.413 + 
0.188, 0.861 + 0.143, and 0.265 + 0.118. In two out of the 
three years the differences were not large enough to be considered sig- 
nificant. In the other year, 1924, the difference was approximately 
six times its probable error and shows that the white seeded plants 
had the longer rachillas that year. The fact that there is only a dif- 
ference in one year out of the three indicates that if this difference was 
due to inheritance, the association between color and length of rachilla 
is very loose. 


In the F; generation there was no significant difference in length 
of rachilla between the families breeding true for black and those 
segregating for color. The actual length for the segregating families 
was less than for the families breeding true for black color. The dif- 
ferences in mean length of rachilla between the segregating and white 
families was 1.750 + 0.386 units. This difference is significant in 
the light of its probable error. The difference between the black 
seeded families and the white was 1.350 + 0.438 which may also be 
considered as significant. These results seem to point to a slight asso- 
ciation between the inheritance of color and length of rachilla. 
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SUMMARY 


A cross was made between Early Gothland and Garton 784 
two varieties of oats differing in certain characters. A study was made 
of the inheritance of the length of the rachilla, ligule, panicle type, 
color, and pubescence of the rachilla. From the results obtained cer- 
tain conclusions and deductions can be drawn. 

1.—The length of rachilla was found to be a very stable size 
character and was not greatly influenced by environmental conditions. 

2.—-The length of rachilla in the F, plants was intermediate be- 
tween the two parents. The F». individuals ranged from one parent to 
the other for length of rachilla. From 60 F3 progenies grown, one 
apparently homozygous line was recovered with a rachilla length as 
short as the short parent, and one F; family with a rachilla length ap- 
proximately as long as the longer parent. Families apparently homozy- 
gous for rachilla lengths intermediate between these extremes were 
also recovered. ‘The inheritance of rachilla length can be explained 
on the basis of multiple factors for length of rachilla. The results in- 
dicated that the factors involved were not of equal value in determin- 
ing the length of rachilla. 

3.—The ligule of the leaf was found to be determined by dupli- 
cate factors giving a ratio of 15 liguled to 1 liguleless plant in the F2 
generation. 

4,.—The panicle type was found to be controlled by a single fac- 
tor difference. The presence of the two factors for the liguleless con- 
dition in the homozygous state prevented the factor for open panicle, 
if present, from functioning and resulted in producing a side panicle. 
No open panicled liguleless forms were found. 

5.—Black color of grain was dominant to white. Inheritance 
of color was controlled by a single factor difference. 

6.—Pubescence of the rachilla was found to be recessive to the 
smooth condition and was controlled by a single factor difference. 

7.—No evidence of linkage was found between the factors for 
ligule, panicle type, color, or pubescence. All seemed to be inherited 
independently of each other except for the duplicate relationship be- 
tween the two factors for ligule and their common relationship to the 
factor for panicle type. 

8.—No evidence was found of linkage between any of the fac- 
tors for length of rachilla and ligule or panicle type. Some of the data 
indicated a possible loose linkage between color and length of rachilla. 

9.—A close linkage was found between at least one of the fac- 
tors or group of factors for length of rachilla and the factor for pubes- 
cence of the rachilla. 
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SUPPLEMENT 


Since this paper was originally submitted for publication, addi- 
tional data have been obtained by growing F, families from a number 
of selected F; plants. These F, families were grown during the sum- 
mer of 1926 and handled in a way similar to that in which the F; and 
other material was handled in the previous years of the study. In all 
there were twelve F, families grown including progenies from single 
plants from each of the eight F; families which were apparently breed- 
ing true for certain rachilla lengths. The data obtained are given in 


Table 26 of the appendix. 


The highest coefficient of variability obtained in the parental 
material grown in 1926 was 5.84 + 0.38. If this is taken as the 
upper limit for the coefficients of variability for homozygous lines it is 
found that all but two of the Fy, lines are apparently homozygous. 
Among these are included all F, progenies from the F3 families which 
were classed as homozygous and also two lines from F3 families which 
were classified as heterozygous. If an F; family were homozygous 
for a certain length of rachilla it would be expected that it would con- 
tinue to show this condition in the Fy, also. Either heterozygous or 
homozygous F; lines might be expected from a heterozygous F3 family. 
All data show a very close correlation between the length of the rachil- 
la in the F; and Fy generations. 


The F, data substantiate the conclusion previously reached that a 
number of F3 families had been obtained that were breeding true for 
certain rachilla lengths. 

Data on the other characters studied were also obtained for the 
F, families. These data are not presented here but in all cases they 
substantiate the conclusions drawn from the study of the previous gen- 


erations. 
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TABLE 20.—Statistical constants for length of rachilla of the Early Gothland 


parent grown in various plots in 1925. 


ee een URE naar Coueeione 
Neasber oe rat a oe Deviation Variability 
25| 26| 27/ 28/ 29 30|"* 
604-606| |t5l27| 7] 1! |50126.880--0.06810.711=+0.048|2.64-+0.18 
625-627] 2/10/2413] | 1/50/27.040+0.085/0.89440.060/3.31+0.22 
648-650] 3116/16/10 45|26.733+0.088/0.879+0.062|/3.29+0.23 
679-681] 6117/20! 7 50126.560+ 0.083/0.875+0.059/3.29+0.22 
711~713] 3/12/24]10] 1] |50/26.880+0.082/0.863£0.058/3.21+0.22 
745-747| 4|22|17] 7/ | |50|26.540+0.079|0.830+0.05613.13+0.21 
779-781! |17|23| 7| | |47126.787+0.067|0.682£0.047|2.55+0.18 
808-810] 1| 8/25/16 50/27.120+0.070/0.739£0.050/2.72£0.18 
839-841] 4/15/21) 7) 1| |48/26.708+0.087/0.889+0.061/3.33+0.23 
873-875| 3113/23/11! | |50/26.840+0.079/0.833+0.056/3.10+0.21 
~ 905-907! 1112/24] 9| 4! |50/27.060-+0.086/0.904+0.061/3.34+0.22 
936-938] 1|10/25/11| 1| |46|27.02140.076|0.7770.053|2.8840.20 
~ 967-969] 2] 8/27/12! 1| |50/27.040-+0.076|0.799+0.054|2.9540.20 
1003-1005| 4/14/22) 6| | |47|26.702+0.086|0.673+0.06113.2740.23 
1035-1037| 4| 9/30] 4| | |47|26.723+0.07210.735+0.051|2.75+0.19 
1061-1063] 2] 7/26)14) 1| |50/27.100£0.077/0.806+0.054\2.97£0.20 
1081-1083} 3} 7/29] 8| 3! |50!27.020+0.084|0.683+0.060/3.27~0.22 
‘ii4-1116) 2}rift9}14) 4) |50]27. 1400 093|0.980+ 0.066|3.61+0.24 


May, 1928) 


INHERITANCE OF RACHILLA LENGTH 


43 


TABLE 21.—Statistical constants for length of rachilla of the Garton 784 parent 
grown in various plots in 1925. 


Classes for Length | Ai 
1925 | of Rachilla in Units | Z Coefficient 
Row of .1 mm. 2 hegae Standard - 
Number z Deviation Variability 
ice 15 a 16) 19.— 
607-609 3/24/20] 3| '50/16.460+0.067 0.699+0.047/4.25+0.29 
628-630 2|26(21| | 50 16.420 0.058/0. 603 0.041 3.6740.25 
651-653 3134/13] '50/16.200+0.050/0.529+0.036/3.26+0.22 
682-684, | 3/32/15, | (50/16.240+0.052|/0.550+0.037|/3.39+0.23 
714-716| | 4|27|19) ~~ 50/16.300 0.058 0.608£0.041|3.7340.25 
784-750) |15|29) 5| 0| 1/50 15.860+0.071/0.74940.051/4.72+0.32 
782-784 527/15| 3) 50'16.320+0.07010.733£0.049/4.49+0.30 
811-813 | 9131/10) | (50/16.020£0.059|0.616£0.042|3.84+0.26 
~ 842-844} | 7/25/16] 2| |50/16.260+0.071/0.743+0.050|4.5740.31 
876~876| 1| 5/24/18) 1| |49|16.265+0.072/0.750+0.051|4.61+0.31 
908-910) | 3/24/18) 5| |50|/16.500-0.072|0.755+0.051/4.58+0.31 
~ 939-941! | 5/31/12) 2| |50'16.22040.064/0.672+0.045/4.14+0.28 
970-972| 14/26] 9] 0| 1/50,15.960+0.076/0.799+0.054|5.01+0.34 
7006-1008 | 9|23|13| 2) 47/16.170+0.077|0.780-0.054|/4.82+0.34 
1038-1040) | 830) 6 2) |48/16.083+0.0680.702+0.048|4.36+0.30 
1064-1066; |11/30| 8| 1|  |50|15.980+0.065|0.678+0.046|4.24+0.29 
1084-1086| | 4/33|13| | |50/16.180+0.053|0.555+0.037|3.43+0.23 
1117-1119} | 7/21/20) 2| |50|16.340+0.073 0.764 0.052)4.68:50.31 
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TABLE 23.—Breeding behavior of F; progenies for ligule, panicle type, grain color, 
and rachilla pubescence. 


Ligule Panicle Type | Grain Color Rachilla Pubescence 

Cee LN, ON ee | ee | | 4 

a Nene | « | of] #. 168 | = | Families| ¢ Families Z 
i (22) 2 28] a) ie (Re ie 

mw |PjaA| & |ols| joa [od [| BIS In |e 
Esquexei ie ci225 Pe 165i IO 85 | B lee Sm. | |x| 185 
659-663/18-1-29 |. P |83| 7| © |63|27| B clo giestete 90 
6642668116132 | P 64/18 S o B | -lx/ | Sm ~ [=] fez 
669-673|18-1-66 | A ||86| S | 86] B = Sm = ee 
674-678|18-1-70 | P 58 16 o |41/33) B | |x| [ Sm Bae 
685-689|18-2-29 | P |86| | O [69|/17) W ies lea 
76912095 |'624222 | P |59/25) Ss 84 W al Sune eee 
~696-700/18-4-42 | P | |85| O 66/19. Bolelli pe ees 
701-705|18-4-47 | P |63/26| S | |89) W | | [x| Sm | |x| [a9 
706=710)18-4-54 | ASS 1790S | 79 Bulge le i Sam bee 
"Fi7-721118-466 | P >\73| -7|00 |40lst) Bo |e) ll saat ead 
~722-726|18-4-58 | P |65|21| S a1 Bb Tek se ee 
727-731(18-4-68 | A | |82| S jazl Wel ols | ssi 1) Olean 
"732-736|18-4-76 | P 63/19) S | 82) W | | |x| Sm. | |x| |82 
737-739|18-4-77 | P |35|11| S$ 46 Wo | ieee ae 
740-744|18-4-104 P |60|19] S | |79/ B | |x| | Sm |x| | |79 
751275316 8-311 oP Sahil So, Wasioe 0) ener tx} 4/45 
754—758|18-5-32 | A 90| S 90 W Pil woe Z\ 190 
759-763|18-5-33 | P |79} | O |79| | B Pe Gelitsmn x| (79 
764-768/18-5-34 | P [71/18] S igo] Ww S isn x| |89 
7692739\18-5-42) | oP) 7 Se Ap) ACW Bee ee x | om | x Be 

(Continued) 


Ligule absent O = Open Panicle B = Black Bl G= Jeeiay 
Ligule Present S = Side Panicle W > White” Sm. =" Smooth 
Seg. = Segregating 
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TABLE 23.—Continued. 


Ligule Panicle Type) Grain Color |Rachilla Pubescence 

1925 5 
Peace | tar HN eal 5S) tae wg F; F; E 
elss| & Sees Families) = Families |Z 

a Ae zu| = z 3 

HEAL = ojs| * |mldie} = /E)a|" 
774-778|18-5-43 | A | 80 S 80 B ese ie 80 
785-789|18-6-117/ A | |91| $ Ge ee ae Pe 
790-792|18-6-124| P | |50/ O |28622/ w | | |x| H | | |x|50 
ee 151)" 1177, <5) || 77] BO ie) Sm. bx) 77 
798-802/18-6-135) A | 83 S$ [e3) Wallies lace Sm meeperr 
803-807/18-6-136/ A | |38} Ss | j88} B |x} | | Sm FS Weaes 
~814-818/18-6-155| P Bie S eB ele lee eu eon 
“819-823|18-6-169| P |8o| | O |sol | B |x| | | Sm jx] | 60 
824-828/19-1-26 | P |70/15| s | (35/ B | |x| | Sm. |x| | [85 
829-833/19-1-34 | P 6018 S | 78 B : as, x| |78 
B542ss6|1921236 | P84) 7 © |64) | B.| |x) | H | | bxles 
g45-84919-1-41 | A | 69 S89 Ww xls (por ales 
Bpgesszij9ai2e5 | P l4i]| | oO lai) | B x San x| (|41 
g53-857/19-3-22 | P |59/25/ S | je4| B | |x| | H | | |x|a4 
858-862/19-3-28 | P |89| | O |89/ | W Sl kSmn aca ieB9 
Gosme6 71123249, P 162/231 S -| (65) B lx ou =| (65 
868-872|19-3-55 | A | |87| S Bri Eclcc cuit LS a? 
B70nse7 o=soelcAL | 1176\ 5 76| B Dial a e768 
Secimee o2 4207 eis eo, \is) Bo) ixd il Hee rs tS 
885-889|19-4-40 | P |8o| 3 O |32/51| w | | |x| Sm. |x| | [83 
890-894/19-4-52 | A | |81| S 7 Roel ee Tae wl SC 
895-899/19-4-88 | A | |73| S | |73| B S| on ee 
900-904/19-4-89 | P 66/22 S Wesiwa) (Gee xcs 

; : (Continued) | | 

A = Lule abeent © = Orn Penide |B = Back B= Hey 


Seg. = Segregating 
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TABLE 23.—Concluded. 


Ligule | Panicle Type Grain Color _Rachilla Pubescence 

row N. H. N : | Be ‘ | = E z Families | Fs Families z 

7 ey ola | Tey tele ME ON LS = 

Pe Ves A be |o}s te 2 dB be Aig ial 

| | et ase 

“911-915/19-4-94 | P ]79| | O [58/21 B =i Lae x |79 
916-920/19-5-13 | A |61/24) S$ 5 85 Ww | [x] Sm. See 

921-925/19-5-15 | P |63/22| S 85) B zh ileem x (85 

~926-930/19-5—16 | P |78| | O |59/19} Ww) | |x| H | | |x|78 
931-935/19-5-17 | P |87| | O |70/17/ B | x| H |x (87 

943-946/19-5-32 | P |58/21| $ 79 B x | / | iSmae ce ene 

947-951|19-5-33 | P 66/17| S| 83 Bo; lel, || Et See eee 

952-956]19-5-35 | P |90/ | O |90) | w | | |x| H |x }90 

Wo572961| (925936 | P ledlzi| is 85) W x! Sm. sheets 
962-966/19-5-38 | A | 175] § 75] B | x oo Sa) irs 

973-977/19-6-21 | A | les) Ss | [sel B |x! | | H x |86 

978—982119-6-27 | P ‘Si So0) Veep Suu ie le aon 

983-987/19-6-32 | P 54:22, $ | 761 B fet | He eae 

988-992/19-6-33 | P |79| | o ‘79 3B x H | |x| {79 

~993-997/19-6-40 | P 75| 8| O 5033) W Sy ice Senay 
998-1002/19-6-51 | P |69) 5) O (45/29) B x Sin x} 174 


A = Ligule absent O = Open Panicle B = Black H =} Hairy. 
P = Ligule Present S = Side Panicle W = White Sm. = Smooth 
Seg. = Segregating 
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TABLE 24.—Breeding behavior for ligule and panicle type of single row Fs 
progenies grown from 1924 F, plants. 


| Cie Prestle Type ire 
1925 | } 
ere N. HN. E | No. F, Plants | E No. F, Plants ~ 
= i fae g 
ky P A | ky 0) Ss al 
1087 ieee | he) ie | S is | 18 
1088 18—1-33 ee ae S 9 8 17 
1089 eee oP 1s 5 a4 20 | 20 
1090 | 184-18 | P| 15 eae 20 | 20 
1091 18-421 ped 3 5 14 14 
1092 18—4-65 Po i 5 S 19 19 
1093 cara ea ays 14 S 14 14 
1094 ‘C= eee mete S 16 16 
1095 | 194-47 A ae S 17 17 
1096 19-492 A 19 S 19 19 
1097 19-5—25 A 17 S 7 emi 
1098 fone? P 9 7 5 16.) ane 
1099 196-41 aaa ae 3 S 16 16 
1100 ree P| 17 S 17 17 
1101 | 19-653 Boy ee S 18 18 
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TABLE 25.—Breeding behavior for ligule and panicle type of single row F: 
progenies grown from 1923 F: plants. 


Ligule | Panicle Type F 

1925 5 Se ae eae 
soa N. H. N. E No. s Plants | E No F; Plants =i 

| a P As ia oO s eZ 
1009 181-1 Pee t6 1 5) 16 16 
1010 181-3 Pioas 3 S 15 15 
1011 Cae ae a ee 4 S 13 13 
1012 18-1-17 A 7 il ae 1 rr 
1013 181-19 P 8 5 S 13 13 
(OA e iveet 62226 P 13 O 13 13 
1015 eee ean ae 5 S 10 10 
1016 Cope ere 6 S 6 6 
1017 re PegoniG vis 16 16 
1018 Velev ol) sabe O 10 4 14 
1019 igeset0n | | GP.) SOce (esa) Susan 15 15 
1020 fe23218) SA 13 S 13 13 
1021 18-3-21 P te ee. S 9 9 
1022 ESE P 8 S 9 9 
1023 feeqcon wl eA G 13 S 13 13 
1024 62522 A 11 S 1 1 
1025 18-53 alae S 13 13 
1026 185-8 P| 18 O 18 18 
1027 185-24 Pa i ee 13 13 
1028 iene seis) aaa re 14 14 
1029 eee 6- eee 5 2 Ss 7 7 
1030 1826213 P 9 5 S 14 14 
1031 (eec(6 0 PAD 3 S 15 15 
1032 (626-400 mee 5 7 S55) an aaietle 12 
1033 186-23 A | _ 16 ls 16 16 

we | 


(Continued) 
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RS BLE Coo Continued. 
Ligule Panicle Type 

1925 = | = 
Ree nea & | No. Fy Plants q No. F; Plants _3 

ei aed : | a: 

ae ees is Oi as BZ 
1034 [6-639 jb Bp 9 | 4 S 13 13 
1041 | 186-33 | P 8 6 S 14 14 
1042 | 18638 | P| 11 eh is 14) 14 
1043 | 18—6—42 P | 9 | 4 5 13 13 
1044 | 186-48 ak a S 8 i 15 
1045 | 186-51 P Sia» 35 S 14 14 
1046 | 18-6-58 Pineen oO ie 4 1 
1047 | 186-60 P| 12 | O 5 7 12 
1048 (8-678 |, -A || ine S 13 13 
1049 | 186-85 | P| 11 O 5 Sead 
1050 186-86 = ve S 13 13 
1051 | 186-89 | P ere O 9 7 16 
1052 | 18-6-92 ae | 13 5 13 13 
1053 fsaecos i) P eae 3 S 15 15 
1054 186-102 P 12 4 S 16 16 
1055 186-103 A | | 13 S 13 13 
1056 186-106 | P| 13 O 7 6 13 
1057 (s-p-108) |B | 13 s | 13 13 
1058 186-109 P oe ee, S eee: 17 
1059 186-111 P on O 5 7 12 
1060 e623 P 16 O i 5 16 
1067 19-1-1 P| (14 6 S 20 20 
occu erro =t-o A | Haare 5s 16 16 
1069 | 19-1-20 A | ee 5 | 14 14 
1070 192-5 A | 16 S 16 16 
1071 eee th a 17 S 17 17 


(Continued) 
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TABLE 25.— Concluded. 


Ligule | Panicle Type 
1925 = 
nants NS Hoe: 5 No. F; Plants | 5 No. F; Plants _3 
A. A SE& 
n a ° 5 
, | P | A is (e) Ss BZ 
| | | | 
1072 19-35 P 8 cee 11 11 
1073 19-4-1 P 13 Sie ees 18 18 
1074 19-45 poo 40 aes 13 13 
| 
1075 49-522 A (00 eS 10 10 
| | 
1076 19-5—4 P| “15 | Th esS 17 17 
1077 [926=2 Pe esis 6 so 19 19 
fovemien zest? See ke kc 17 17 
1079 19-6-13 P (3 |b s exs | 15 15 
1080 196-14 P 11 fears 7 8 15 
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A Study of Certain Normal Characteristics 
of White Leghorn Females’ 


[PROGRESS REPORT] 


In the development and improvement of the different breeds of 
poultry it is of first importance to have definite knowledge concerning 
the relationships between the different characteristics of the birds, for 
without this knowledge no intelligent program can be adopted. A 
breeder may need to know how he should proceed to decrease the 
variation in the size of the eggs laid by his fowls, or to increase or 
decrease the average size of the eggs, if that should be desirable. It 
is possible that problems of this nature can be more quickly and easily 
approached through a study of the normal relationships of the char- 
acteristics in the fowls than in any other way. 


BIRDS USED AND GENERAL PLAN OF EXPERIMENT 


The strain of Single Comb White Leghorns which was selected 
for this experiment had not been systematically bred so as to affect 
either the number, the size, or the variability in the size of the eggs 
laid. In fact, the fowls might well be considered a random sample of 
unimproved White Leghorns. 

The general plan of the experiment was to select 200 pullets of 
this strain, feed them a laying ration which would be uniform during 
the course of the experiment, and keep a record during the life of the 
birds of their weight, the number of eggs laid, the weight of each egg, 
the date of laying, and the amount and kind of feed consumed by the 
flock per month. These data properly analyzed should afford informa- 
tion on the following points: 

1.—The amount of variation in the mean or average weight of the 
different birds. 

2.—The changes in the weight of laying hens from month to month 
and from year to year. 

3.—The relationship between body weight and mean egg weight. 
In other words, the relationship, if any, between the size of the bird 
and the size of the eggs that she lays. 

4.—The relationship between the size of the bird and the number 


of eggs that she lays. 


*Submitted for publication March, 1927. 
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5.—The relationship, if any, between the size of the eggs and the 
number which a bird may lay. 

6.—The relationship between the variations in the weight of the 
eggs which a bird lays and the number which she lays. 

7.—The relationship between early sexual maturity and fecundity. 

8-—The effect that the age of the bird has on the total annual 
weight of the eggs that she lays. 

9-—The relationship, if any, between the mean decrease in the 
weight of the eges in the cycles and the annual production. 

This experiment was started November 1, 1925, when 200 Single 
Comb White Leghorn pullets were placed in small colony laying houses. 
The birds were hatched June 15 and had free range until they were 
placed in their winter quarters at which time their average weight 
was 2.62 pounds. This report covers the first year of the experiment. 


General Directions 


The following directions were adopted for carrying on this 
experiment. 


GUIDE FOR WEIGHING AND FEEDING 


1.—Weighing Fowls: Fowls to be weighed on the first day of each 
month. Weighing to be done early in the morning before the fowls 
are fed and the weight recorded to one-tenth pound. 

2—Weighing Feed: A record is to be kept of the total amount of 
feed consumed during each calendar month. 

3.—Weighing Eggs: Eggs are to be weighed during the forenoon 
following the day on which they were laid. Weights to be recorded 
to one-tenth gram. 

4—Feeding the Fowls: Fowls are to be fed dry mash in hoppers 
and scratch feed in straw litter. Both the dry mash and the scratch 
feed are to be thoroughly mixed. The mash is to have the following 
composition : 


Ingredients Pounds 
Boner Meal. 22 sea ee ee i eee 50 
Yellow Corn Meal (ground corn)..............-...---- 200 
Ground :Oatee x. 52-5teee ee ee eee 100 
Wheat Middlings, 161424% protein................-....-.. 200 
Meat Serapa 5 0.7m pi0.celi1 seas eeeeeene a eneaeee 75 
Salt) .4)52.6 ehh 2 eee ee ae ene 6 
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The scratch feed is to have the following composition: 


Ingredients Pounds 
pw ell oiwsn Gore mnie eats tren ene RO er Se wee 200 
NNT VECrW De Sade SS AS SRL ee eee oa Lee eA ie See 100 
Clip Rede Oa tsereree Se tee aren Se) wl oy: 100 


Germinated Oats are to be fed during December, January, Febru- 
ary, and March at the rate of 2 pounds dry oats per 100 fowls, per day. 
Oyster shell and limestone grit are to be given ad libitum. 

The scratch feed is to be fed throughout the year at the following 
rates: y 


November. 2.2. eae =e 12 pounds per 100 fowls 
Decembenee meses es ce 12 pounds per 100 fowls 
Jisaqeliare pas A Ss eee age =o 12 pounds per 100 fowls 
VSD IES Vane. ba cece ee 12 pounds per 100 fowls 
TY IEA a6) 3 9 pata =e a a meee 12 pounds per 100 fowls 
eG slp 4 ee talkies eae ee 10 pounds per 100 fowls 
NEV eee eee eee eee ad 10 pounds per 100 fowls 
TY Cle eee iret es es NS w 8 pounds per 100 fowls 
Afri hie”. ae eke Os eee ee ee A 6 pounds per 100 fowls 
TAS 6040 (Si ees a eee 6 pounds per 100 fowls 
September” 2-2 sa cn. ee 5 pounds per 100 fowls 
October ees... 35 J. ae. =a 5 pounds per 100 fowls 


Broody Hens and Moulting: Ail broody hens are to be broken up 
as promptly as possible, and a record is to be kept of the individuals that 
become broody, length of time broody, the beginning of moult for each 
individual, and the length of moult. 


Health of the Fowls 


The health of the fowls during the year was good. There were 
twelve mortalities. Six birds were killed by dogs, accidents accounted 
for four more, and two deaths were attributed to weakness or disease. 
The following discussion of the results is based on the records made 
by the 188 birds remaining at the end of the year. 


Weight of Birds 


Table 1 gives the mean weight of the 188 birds on the first day of 
each month, the standard deviation in their weight, and the coefficient 


of variabilty. 
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TABLE 1.—Mean Weights of the Pullets Each Month, Standard Deviations in 
Their Weights, and Coefficients of Variability in Weights, From 
November, 1925, to October, 1926. 


Mean Weights Standard Deviations Coefficients of 

Months in Pounds in Weights Variability 
I GSaP THIS Se ey a eee ee Rea pogrom ee loo aaa 2.624.011 .224F 008 8.5520.30 
Decen Vere ee eee ee ere 3.082.016 328.011 10.65.37 
APIENAyeeoocppersuntacds de ocdn cauc od oaoGan Do. 3.347 015 303.011 9.07+.32 
TSA IER ela ee nren edo dmacenreeenuocdedancr Og : 3.372.016 335.012 9.94+.35 
NiAreh ee Cole eee eee One een 3.494 016 3297 011 9.43+.33 
Avprilly eect aan crassa ee eae nee 3.475.015 3074 .011 8.85+.31 
VEN ARSE enna oun Prancaceangacacacocd: 3.57 .016 318 O11 8.91+.31 
AAT eee ee ocr OES ee Keo ee 3.671.018 369.013 10.05+.35 
July sekget ee ae ta 3.684 .018 865.013 9.91+.34 
Aupustarcemerecsecteare nite ne meee ee 3.704 .020 409-5 013 11.05.38 
Geptembens wacom sec ne eee seer cass ener 3.75¢ .020 A114 014 10. 965.38 
Oatoberarek dc ca de ene ieee Oo es 3.762.023 476.017 12.6620.44 


From Table 1 it may be seen that the increase in the weight of the 
birds was relatively rapid during November and December. In Janu- 
ary there was no significant increase; in February there was a slight 
gain; in March no significant change; but in April and May there was 
some further increase. During the remainder of the year the increase 
in weight was slight. 

The standard deviation in the weight of the different birds in- 
creased considerably during the month of November. From the first 
of December till the first of May there was little change in the devia- 
tion in weight of the birds, but later in the season the variability in 
the weight of the birds increased slightly. If it should be shown, as 
now appears probable, that there is a significant positive correlation 
between the size of a bird and the mean weight of the eggs that she 
lays, then the deviation in the weight of a flock of pullets in the fall 
could be used as a measure of the variability in the weight of the 
eges that they would lay later in the season. Hence, by selecting 
pullets of a uniform weight the variability in the egg weight would 
be kept at a minimum for any particular strain. 
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Table 2 gives the average weight of each bird based on the twelve 
weighings of each individual, and the number and average weight of 


the eggs laid by each bird. 


TABLE 2.—Average Weights of the 188 Birds That Finished the First Year 
of the Test, Number of Eggs Laid, and Average Weight of the 
Eggs Laid by Each Bird. 


Band Numbers Average Weights Number of Average Weights 
of Birds in Pounds Eggs Laid in Grams 

2 4.37 15 57.9 
3 3.63 224 55.9 
5 3.07 153 $2.5 
6 3.46 208 Dont 
us 3.31 129 46.9 
8 3.25 142 51.2 
9 4.21 161 56.8 
10 3.44 173 54.5 
11 3.33 182 51.3 
12 3.34 124 49.6 
13 3.53 127 58.2 
14 3.13 193 52.4 
15 3.43 161 51.3 
16 3.93 163 61.8 
a7 3.41 205 46.7 
18 3.88 175 55.2 
19 3.73 150 53.8 
20 3.11 170 51.3 
21 oo 164 47.8 
22 3.54 156 52.0 
23 3.21 207 51.9 
24 3.51 173 53.7 
25 3.52 200 53.8 
26 3.87 125 60.0 
27 3.33 200 50.4 
23 3.49 193 50.3 
29 3.60 140 49.9 
30 3.54 183 50.1 
31 3.44 176 54.2 
32 3.52 104 60.6 
33 3.52 213 52.4 
34 3.78 155 60.1 
35 3.50 182 55.2 
36 3.45 155 57.1 
37 3.25 140 61.9 
38 3.64 156 56.3 
39 S201 107 54.5 
40 3.72 209 50.5 
41 Bae 154 53.2 
42 3.39 158 50.7 
43 3.29 118 57.2 
44 BaT7, 240 50.0 
45 3.76 178 52.2 
46 3.49 161 53.5 
48 Blea 177 52.5 
49 4.01 158 54.1 
50 3.48 153 55.3 


(Continued) 


TABLE 2—Continued. 


W. Va. AcRr’L EXPERIMENT STATION 


[Bulletin 220 


Band Numbers Average Weights Number of Average Weights 
of Birds in Pounds Eggs Laid in Grams 
51 Bia i 205 49.9 
52 4.09 186 59.1 
53 3.90 211 50.8 
54 3.48 206 58.1 
56 3.16 157, 54.1 
57 3 83 147 53.9 
58 3.83 105 56.9 
5Y 3.48 148 Sles 
60 Bley? 163 49.3 
61 3.90 173 56.2 
62 3.46 195 56.8 
63 3.92 26 59.5 
64 3.88 194 54.4 
65 3.47 213 54.5 
66 3.33 208 48.7 
67 3.43 227 52.4 
68 3.35 120 56.0 
69 3.41 176 53.3 
70 3.70 182 50.6 
71 3.92 225 56.5 
72 3.62 56 50.2 
73 3.58 182 56.0 
74 3.64 215 54.6 
75 3.81 224 53.3 
76 3.54 48 49.5 
eal 3.18 203 49 6 
78 2.95 36 48.0 
79 3.76 170 55.9 
80 3.04 195 silsal 
81 3.46 149 Doro 
82 3.47 216 55.2 
83 3.27 255 50 3 
84 3.20 227 Bile 
85 3.63 165 59.6 
86 3.28 123 56.0 
87 3.37 168 Soul 
88 3.05 188 53.2 
89 3.48 206 52.9 
90 3.36 150 BBLS) 
91 47 167 Dee 
92 3.21 166 Bua 
93 3.41 181 54.0 
94 3.48 190 57.5 
96 3.89 208 60.2 
97 4.07 170 51.9 
98 3.43 184 54.7 
100 3.30 189 55.0 
101 3.27 204 52.4 
102 3.53 54 55.2 
108 3.46 123 53.8 
104 3.08 182 49.7 
106 3.49 173 58.4 
107 3.39 124 53.4 
108 3.48 213 50.3 
109 3.80 233 oiled 
110 3.60 202 BT 


(Continued) 
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TABLE 2—Continued. 


Band Numbers Average Weights Number of Average Weights 
of Birds in Pounds Eggs Laid in Grams 
lil SRA 113 61.8 
112 3.25 209 49.2 
118 3.45 181 52.9 
114 3.00 186 52.8 
115 3.40 196 55.2 
116 3.69 155 53.1 
117 3.35 143 49.6 
118 3.08 172 50.0 
119 3.53 191 58.1 
120 3.82 169 54.8 
121 3.20 166 55.0 
122 3.41 176 54.6 
123 3.78 213 59.9 
124 3.41 199 53.6 
125 2.97 143 54.8 
126 2.84 236 47.1 
127 3.25 221 47.7 
128 3.83 102 56.9 
129 3.38 182 51.6 
130 3.40 203 52.0 
131 2.99 204 bl. 
132 2.87 207 49.9 
133 3.13 134 51.6 
134 3.41 201 56.0 
135 3.60 201 54.8 
136 3.66 227 Deni 
137 3.68 140 53.5 
138 3.16 190 53.7 
139 2570) 99 §2.9 
140 3.28 169 49.4 
141 3.87 137 54.4 
142 3.48 18 51.0 
143 4.09 173 53.6 
144 3.95 178 50.1 
145 3.77 118 57.8 
146 3.26 195 50.5 
147 3.59 175 56.6 
148 3.44 188 04.2 
149 3.18 163 56.6 
150 3.10 212 46.3 
151 3.49 179 56.8 
152 3.55 176 AT 7. 
154 3.16 106 51.1 
155 3.45 143 54.4 
156 3.84 189 56.5 
157 3.64 171 6201 
158 3.40 143 52.6 
159 3.78 194 47.8 
160 3.15 166 48.0 
161 3.54 140 52.3 
162 BOT 145 54.3 
163 3.05 157 44.9 
164 BYR 172 49 2 
165 3.02 150 47.6 
166 2.97 mM no 
167 3.33 us ey 


(Continued) 
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TABLE 2—Concluded. 


Band Numbers Average Weights Number of Average Weights 
of Birds in Pounds Eggs Laid in Grams 
168 3.14 169 53.1 
169 2.93 140 48.6 
170 3.60 195 54.2 
171 3.08 109 50.2 
172 3.41 141 53.0 
i738 3.48 158 53.6 
174 3.02 182 51.2 
175 3.48 228 50.1 
176 3.93 168 57.5 
177 3.31 170 53.0 
178 Bhat? 181 54.7 
179 3.56 207 54.8 
180 3.10 166 50.9 
181 Sad, 216 52.8 
182 3.60 140 54.1 
184 3.24 220 54.6 
185 3.43 110 51.8 
186 3.47 199 55.6 
187 3.21 149 45.8 
190 sro 126 54.3 
191 3.20 157 54.8 
192 3.56 230 49.8 
193 3.30 125 54.5 
194 3.10 189 49.7 
195 3.60 161 53.8 
196 3.00 180 53.0 
197 3.38 230 52.9 
198 3.42 183 55.5 
200 3.28 143 57.6 


The mean weight of the birds, based on the average weight of 
each individual, was 3.46+.013 pounds; the standard deviation of the 
average weights of the birds was .274+.010; and the coefficient of 
variability was 7.92+.27. These figures probably represent with a 
fair degree of accuracy the variability in weight of an unselected strain 
of White Leghorn pullets. 

The total number of eggs laid by the 188 birds was 31,682. Forty- 
five birds laid 200 or more eggs each, while only eight birds laid fewer 
than 100 eggs each. The production ranged from a maximum of 255 
eggs in the case of bird 83 to a minimum of 15 for bird 2. The aver- 
age egg weight varied from a maximum of 61.9 grams for bird 37 to 
a minimum of 44.9 grams for bird 163. The average weight of all the 
eggs laid during the year by the 188 birds, including the eges (4.6%) 
laid outside the trap nests, was 53.09 grams. 

Due to the immaturity of the pullets the production during the 
winter months was low as shown in Table 3, but with the beginning of 
spring the production materially increased, reaching a maximum in 
May with an average daily production of 144.13 eggs from 188 birds, 
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TABLE 3.—Number of Eggs Laid During Each Calendar Month by the 188 
Birds, Average Weight of Eggs, Average Number of Eggs Laid 
Daily, and the Average Number Laid per Bird per Month, From 
November, 1925, to October, 1926. 


Total Number Average Weights Average Number Average Number 
Months of Eggs Laid of Eggs in Grams of Eggs Eggs Laid Per Bird 
Laid Daily Per Month 

November secre wfaraesre'eis a's « 71 39.23 2.37 .38 
DECOM Hers e seal c acces ees | 1148 42.80 37.03 6.11 
a ee | 1397 46.58 45.06 7.44 
BPG Yate ea rals (asses, cage 1402 49.66 50.07 7.46 
MAR Gea hilar o Utes ete 1k 3323 51.96 107.19 17.68 
PRS eat etter sacred cal ay 4159 53.56 138.63 22.12 
MEN, See cee ad eee 4468 53.39 144.13 23.77 
Shure Ue Saree aii 5 SEE 4014 54.08 133.80 21735 
Grainne vie peters 3928 54.13 126.71 20.89 
PNT UIBED era tire oe tareissaiicn wre ee 3646 54.45 117.61 19,39 
Nepiemberet as «ci senlae<s<'s 2646 56.17 88.20 14.07 
WenOR Oran erect eels a nade as 1480 57.28 47.74 7.87 


or a production of 76.7 percent. The average production per bird 
for the year was 168.52 eggs, which is reasonably good for a strain of 
fowls that had not been bred for high fecundity. 

With a very slight exception in the month of May, the average 
egg weight increased from the beginning of the laying year to its 
close. This increase was especially great during December, January, 
February, March, and April. During the next four months there was 
little change, but during the last two months the eggs increased in 
weight on an average of more than one gram each. 

If eggs weighing two ounces each, or about 56 grams, are most 
desirable for commercial purposes, then the eggs laid by this flock 
were much too light during the first half of the laying year, and the 
problem of how to increase the average size of the eggs laid by pullets 
during the fall and early winter months without materially increasing 
the size later in the season is worthy of careful study. 

It is desirable to produce eggs of uniform size, hence it is important 
to know the degree of variability in the weight of the eggs laid by the 
birds in an unselected strain. This variability expressed as the stand- 
ard deviation in the average annual egg weights for the 188 females 
amounts to 3.30+.11 grams, with a coefficient of variability of 6.2 
percent. This standard deviation in the average egg weights corre- 
sponds closely with the figures reported by the author in Bulletin 195 
of this Station. 

The relationship between the size of a fowl and the size of the eggs 
that she lays is important, for, if such relationship does exist, it affords 
the poultryman an easy and direct method of quickly modifying the 


12 W. Va. AGR’L EXPERIMENT STATION [ Bulletin 220 


size of the eggs should this be desirable to meet market requirements. 
To throw some light on this condition, the coefficient of correlation has 
been calculated, using the average body weight and average egg 
weight of the 188 birds under discussion. The coefficient thus derived 
is +.459+.039. This is clearly significant as the coefficient is almost 
twelve times the probable error. These results agree with those shown 
by the author in Bulletin 195, and the conclusion seems justified that 
the heavier birds in a flock lay the heavier eggs. 


The relationship between the number of eggs that a bird will lay 
dependent on whether they are large or small is also important to a 
producer. 


The coefficient of correlation between the number of eggs laid by 
the different birds and the average weight of the eggs laid by the same 
birds is —.136+.048. As this coefficient is less than three times its 
probable error, the evidence indicates that there is no relation between 
the number of eggs laid by a bird and the average size of the eggs. 
This result, too, is in agreement with the earlier findings of the author 
reported in bulletins 182 and 195 of this Station. 


In breeding to increase the egg production of a flock, it is equally 
as important to decrease the number of very poor layers as it is to 
increase the production of the better layers, hence it is of value to 
have data on an unselected strain showing what may be designated 
as the normal variability in respect to the number of eggs laid by the 
various females. The standard deviation in the number of eggs laid 
has been caleulated and has been found to be 41.52+1.44. This is a 
high deviation and shows that there was a very material variability 
in the number of eggs laid by the birds in the flock. 

As to whether the heavier birds of this flock laid as many eggs 
as their smaller companions, the coefficient of correlation between the 
weight of the birds and the number of eggs laid has been found to be 
—.159+.047. This coefficient is not significant, as it is only about 
three times its probable error, and consequently as far as these data 
go the smaller birds of this flock laid equally as well as the larger ones. 


The pullets that develop fastest during the summer and lay first 
in the fall should have a better opportunity to make a good egg record 
during the first laying year than their companions that begin to lay 
later in the season. It is possible, nevertheless, that the birds that de- 
velop more slowly will lay more steadily after they begin to lay and 
hence make as good or better records than those that begin to lay 
earlier in the season. In order to study this matter the coefficient of 
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correlation was calculated between the age in days when each female 
laid her first egg and the number of eggs laid during the first year by 
each bird, and found to be —.403+.041. This coefficient is significant 
as it is about ten times its probable error and is negative. In other 
words, the older the pullet before beginning to lay the fewer eggs did 
she lay during the first laying season. This relationship gives the 
poultryman an easy and reliable method of culling his pullets in the 
fall so as to increase the egg production during the first laying year. 
Whether this relationship holds true during succeeding years remains 
for future experiments to determine. 

The mean age of laying the first egg was 198.05+1.69 days and 
varied from a minimum of 152 days to a maximum of 310 days. The 
standard deviation of the age of the birds in days when they laid the 
first egg was 34.4 days. This deviation is considerably larger than 
that reported by the author in Bulletin 182, for White Leghorn pullets. 
This large deviation is probably due to the fact that the birds in this 
experiment were late hatched and those that were somewhat back- 
ward about starting to lay in the fall were delayed by the cold weather 
of winter so that they did not begin to lay until the advent of spring 
thus materially increasing the deviation in the age of laying. 

It appears that the standard deviation in the age of laying the first 
egg is a very valuable criterion by which to determine the success of 
breeding and management. In a flock of pullets properly bred and 
properly reared, all the birds should begin to lay at about the same 
time in the fall thus giving evidence of uniformity in breeding and 
development. 

To throw light on the question as to whether or not the heavier 
birds mature at a younger age and begin to lay earlier in life than 
their smaller companions, the coefficient of correlation between the 
average weight of each bird and her age in days when laying her first 
ege was calculated, and found to be +.003+.049. As this coefficient 
is not significant, being only one-fifteenth as great as its probable 
error, the evidence indicates that there is no relation between the size 
of the bird and the age at which she begins to lay. 

Tables 1 and 3 show that there was a progressive increase in the 
weight of the birds and also a similar increase in the weight of the 
eggs from month to month. The coefficient of correlation between 
the monthly weight of the birds and the monthly weight of the eggs 
was calculated and found to be +.996+.013, showing that the in- 
crease in body weight and the increase in egg weight go closely hand 
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in hand, at least during the pullet year. This relationship is also shown 
clearly by Figures 1 and 2. Figure 3 shows the mean egg production 


for each month of the year. 
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Fig. 1—Mean monthly weights of birds. 
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Fig. 2—Mean monthly weights of eggs. 
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Fig. 3—Mean egg production per month. 


SUMMARY 


In this bulletin is discussed the record of 188 Single Comb White 
Leghorn pullets during their first laying year, or from October 31, 
1925, to November 1, 1926. 

During the year all of the eggs that were laid were weighed indi- 
. vidually and the weight recorded to one-tenth gram. Each bird was 
also weighed monthly. 

1.—The average weight of the different birds ranged from a mini- 
mum of 2.84 pounds to a maximum of 4.37 pounds. The mean weight 
of the birds at the beginning of the year was 2.62 and at its close 
3.76 pounds. 

2.—The egg production ranged from a minimum of 15 eggs to a 
maximum of 255. The average production for the year was 168.52 
eggs. Hight birds laid fewer than 100 eggs each, while forty-five laid 
200 or more. 

3.—The average weight of the eggs laid by the different birds 
ranged from a minimum of 44.9 grams to a maximum of 61.9 grams. 
The mean weight of all eggs laid during the year was 53.09 grams. 

4.—Based on the eggs laid in the trap nests, forty-seven birds 
each laid during the year a total weight of ten thousand grams or 
more or eggs. 

5.—With but slight exceptions, the average size of the eggs in- 
creased from the beginning of the year to its close. 

6.—The heavier birds laid the heavier eggs. 

7.—There was no relation between the number of eggs laid by a 
bird and the size of the eggs. 

8.—There was no relation between the size of the bird and the 
number of eggs that she laid. 

9.—The birds that were youngest when beginning to lay laid 
more eggs during the first year than did their companions that 
matured more slowly. 

10.—There was no relation between the average size of a bird 
and her age when reaching sexual maturity. 

11.—The increase in the weight of the birds and the increase in 
the mean weight of the eggs were closely related throughout the year. 
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Purposes of Farmers’ 
Warehouses 


To supply guaranteed high quality products. 


To stabilize retailers margins in competitive territory. 


Purposes Can Be Accomplished Best By | 


Fitting the services rendered to the demands and needs 
of the community. 


Incorporating the business under the Cooperative Act 
of the State. 


Providing sufficient capital. 


Paying a fixed and nominal rate of interest on the 
capital stock. 


Setting aside an adequate reserve fund. 


Rebating regularly on the basis of patronage any 
remaining net profits of the business. 


Handling supplies. which are demanded in volume. 
Handling supplies of known origin and guaranteed 
quality. 


Buying supplies on the prevailing market when in de- 
mand. 


Selling supplies at reasonable competitive prices. 
Conducting the business on a cash basis. 
Employing a competent well-liked manager. 


Keeping an adequate system of accounts. 


Cooperative Buying in West Va. 


Cooperative buying has resulted in several notable improvements in the 
business of furnishing commodities to the farmers of West Virginia. The most 
significant improvements have been: First, a supply of guaranteed high quality 
products, and second, a downward revision of the retailing margins. Both im- 
provements have been so advantageous to the cooperators as to set these factors 
up as the major purposes of the whole movement. 


It is, perhaps, needless to say that these purposes should be accomplished 
with the minimum expenditure of both money and energy. 


Experience in West Virginia has demonstrated that the purposes enumerated 
can be attained in many counties through simple car-door purchasing. In other 
counties a warehouse has accomplished them to better advantage. But even 
where warehouses are being operated, those warehouses which have been operated 
on a conservative and as nearly as possible cash basis have been in a position to 
accomplish these purposes much better than those doing a much larger business 
on a system of credit, with cut-throat prices, and extravagant services. 

The real saving to the members has consisted in having a constant supply of 
high quality products, reasonable retailing margins, and rebates to patrons. 
Furthermore, patrons of non-cooperative feed stores have indirectly benefited 
through reduced retail margins and improved quality of supplies. 

The accompanying map (Figure 1) shows the counties in which the Farm 
Bureau buying activities have been studied. 


Fig. 1.—Location of the cooperative associations studied. 
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A study of the organizations, business practices, and difficulties of each 
organization has been helpful in discovering the problems common to all, and in 
many instances has pointed the way to their solution. This study was carried 
out between October 1, 1925, and January 15, 1926. A detailed schedule was 
filled out for each of the twenty organizations through visits to the places of 
business, examination of records, and interviews with county agricultural agents, 
farm bureau officers, and directors and managers of the various warehouses and 
car-door associations. 


PRELIMINARY SURVEY 


Before beginning any cooperative buying, either as a warehouse or car-door 
association, a careful and unprejudiced survey should be conducted by a reliable 
person or by a committee. This survey should determine, insofar as possiple, the 
economic needs and desires of the prospective patrons. For purposes of arriving 
at correct decisions, the need of adequate information cannot be over-em- 
phasized. 

The preliminary survey may take the form of a number of meetings at 
which the readiness of the community for this kind of a business will be dis- 
cussed. It may be well for the committee to call on the prospective members 
individually and learn the attitude of each toward the business as well as his 
prospective patronage. Any available records or statistics dealing with the local 
supply business may be consulted with profit. 

From the facts revealed by this survey, decisions can be made as to the 
feasibility of beginning a business, the kind of organization to establish and 
the kind of services to extend. 


Starting Business 


Before starting operations local conditions should be very carefully observed, 
keeping firmly in mind the conditions which are absolutely necessary to the 
success of a cooperative business. The prospective volume of business will come 


TABLE 1.—Length of Time Which Various County Farm Bureaus in West Vir- 


ginia Operated as Car-Door Associations and Warehouses Prior to Decem- 
ber 31, 1925. 


Length of Time Operated asj|Length of Time the Ware- 
Warehouse Number in the a Car-Door Association Be- | house Business was Con- 
Order of the Date of fore Warehouse Business ducted Prior to Decem- 
Beginning Business was Begun ber 31, 1925 
| none 7 years 
2 no data 4 years 
3 10 years 3 years 
4 5 years 2 years 6 months 
5 5 years 2 years 4 months 
6 3 years 2 years 3 months 
7 | year 2 years | month 
8 4 years 2 years 
9 I year | year 8 months 
10 5 months 11 months 
11 8 years 11 months 
1 5 years 11 months 
13 5 years 10 months 
14 5 years 4 months 
15 3 years 3 months 


SS ooo 
SS TTT EE 


=r 


March, 1929) CooreraTivE Buyinc iN West Va. vi 


A humble beginning is often desirable for a cooperative warehouse. Note the discussion 
on pages 24 and 25. : 


in for primary consideration from the following points of view: (1) The 
supplies that the prevailing type of agriculture in the trade territory demand. 
(2) The quantity of these essential products that are shipped in from other 
sections, and during what seasons of the year (This information can often be 
obtained from the records of the railroad freight station). (3) The competitors 
in the field and the economic needs due to unsatisfactory quality of commodities 
and service, and unreasonable retailing margins. (4) A sufficient number of 
farmers willing to buy their supplies on the cooperative plan. 

Other factors to be considered are the willingness and ability of the farmers 
to manage and finance the undertaking. Much of the foregoing information 
can best be obtained by personal interviews, and by free discussions at group 
meetings. 

If a sufficient volume of business, sufficient capital, and efficient managerial 
ability are assured, steps may be taken in the organization of a cooperative 


business. 
Type of Organization 


After the decision to start a cooperative business, the next step is to de- 
termine what type of organization will best serve the purpose. The potential 
volume of business, the willingness and ability to provide finances, and the grade 
of service for which the patrons are willing to pay, are the deciding factors in 
determining whether a warehouse or car-door organization will be most desirable. 
In this connection it is well to bear in mind that car-door buying has served 
as an apprenticeship for thirteen of the fifteen warehouses under consideration. 
Table 1 shows that the various county farm bureaus conducted car-door buying 
operations for a period ranging from one to ten years, with the exception of 
two bureaus which operated less than one year, before warehouse businesses were 


organized. 
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Renting an available building may be more economical than building or buying a 
warehouse. Refer to discussion on pages 24 and 25. 

Experience in the state, as shown in Tables 2 and 3, indicates that a car- 
door business is an elastic business which can be adapted to handling but a few 
carloads a year, or may be developed to handle a business of several carloads per 
month. For the five counties studied in Tables 2 and 3, the number of cars 
handled for the year ranged from 11 to 72. 


TABLE 2.—Number of Carlots Handled by Five West Virginia County Farm 
Bureau Car-Door Associations for the Fiscal Year Prior to the Time of 
This Survey. 


ee tone Volume of Business in Carloads 
Beeches Total | dS es | Fertilizer | Salt | Lime 
| | fe | 33 | 12 | 3 24 
3 53 | 19 1 i 18 
5 2B 15 | ii | No data 1 
7 18 V1 | | 3 | 3 
4 ia 4 3 | 3 


TABLE 3.—Value of Commodities Purchased by Five West Virginia County 
Farm Bureau Car-Door Assocations for the Fiscal Year Prior to the Time of 
This Survey. 


Car-Door Association 


Number in the Order Value of Commodit'es Purchased 
of the Date of by the Car-Door Associat’ons 
Beginning Business for the Fiscal Year 
I $47,292.50 (11 months) 
2 25,000.00 
4 20,000.00 
5 15,000.00 
3 7,000.00 
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TABLE 4.—Number of Carlots Handled by Eight West Virginia County Farm 
ao Warehouses for the Last Fiscal Year Prior to the Time of This) 
urvey. 


Volume of Business in Carloads 


Warehouse Number in the 
Order of the Date of | Feed and | 
Besinaing Businces Total Flour. __ Fertilizer Salt | Lime 

7 (10 months) 110 63 14 3} 30 
9 874 Due 16 4 14 
4 44 16 18 I 9 
6 | 37 27 2 7 | 

10 ( 7 months) 36 1] 15 i} 9 
1 28 3 19 2 4 
8 (11 months) Pa 20 2, No data | No data 

12 (10 months) [lis 7 6 No data Z 


TABLE 5.—Value of Commodities Sold by Eleven West Virginia County Farm 
Bureau Warehouses for the Fiscal Year or Fraction of Year for Which Data 
Were Available at the Time of This Survey. 


Warehouse Number in the 
Order of the Date cf Value of Commodities Sold 
Beginning Bus ness By the Warehouses 


$112,000.00 
101,952.44 
IU ew) 
ST 1S 
41,500.00 
40,936.63 
35,000.00 (7 months) 
26,000.00 
18,000.00 (6 months) 
f2-000,000(6imonths) 
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A successful warehouse must have a certain minimum volume of business 
because of the constant overhead expense. Tables 4 and 5 give the volume of 
business of several warehouses in the state in terms of carloads and in the value 
of the commodities handled during the year prior to the study, and the average 
value of commodities purchased per month for the same period. The range in 
the value of the annual business has been from about $18,000 to slightly more 
than $100,000. The number of carloads handled ranged from 15 to 110. A 
careful study of these warehouses indicates that with the usual conditions 
prevailing a minimum annual business of from $35,000 to $50,000 is necessary in 
order to (1) carry the overhead expense; (2) keep an adequate stock of supplies; 
(3) pay a reasonable dividend on the capital stock; and (4) keep the retailing 
margins down to a competitive and reasonable level. 

If a sufficient volume of business can be obtaired for either a car-door or 
warehouse business, the choice between the two types of organizations must 
be based on: 

(1) A willingness of the patrons to pay the greater costs of conducting 
a warehouse service. 

(2) The willingness ard ability of the patrons to finance a warehouse if 


it is chosen. 
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(3) The possibility of obtaining capable warehouse management. 

A number of local conditions may greatly influence the foregoing factors. 

One of the most important is the location and condition of the roads. 
Three general conditions have been observed in the counties studied. 

(1) Counties with good roads radiating from a common center have 
found a warehouse business possible. 

(2) Counties with good roads but having several small trade centers 
which are rather inaccessible from a central point have found a car-door business 
more suitable than a warehouse. 

(3) Counties with poor roads where patrons are far from a central point 
have found both types or organization difficult and expersive. Where volume 
of business is small some opportunity for temporary storage seems to be nesessary. 
This system of temporary storage has in most cases been the source of much 
misunderstanding and some financial loss. 

The customs ard usual practices of the patrons must also be ascertained. 
Custom is often a good indicator of what type of service will satisfy a sufficient 
number of patrons. Savings made by limiting the usual services are often 
effective in changing these customs. This has been shown by the fact that the 
more successful warehouses are doing a large business almost entirely on a cash 
basis in spite of the customary extension of credit by competitors. Car-door 
buying has resulted in sufficient savings to induce a large number of farmers to 
accept this limited service in preference to the more complete service offered 
by cooperative or non-cooperative supply stores. Some of the better organized 
counties in the state prefer the car-door business because of the lower costs. 


ORGANIZATION 


If the committee in charge of the preliminary survey finds that there 
are actual economic needs, necessary competitive advantages, and a general 
willingness on the part of the farmers to organize and patronize a cooperative 
supply business, organization meetings will be in order. 

Organization meetings widely advertised and well planned will aid materi- 
ally in accomplishing the important business which is to be considered. The 
future success or failure of the enterprise will depend to a very large extent upon 
the judgment exercised at these meetings. Such matters as (1) incorporation, 
(2) by-laws, (3) financing, (4) business site, (5) business plan, and (6) 
selection of a manager, require the best talent and experience which are available. 

It will prove helpful to consult a specialist in cooperative business methods 
prior to the organization meetings and it may be advisable to have a specialist 
present at the meeting to answer technical questions with regard to cooperative 
organization, legal matters, and business practices. Help can often be obtained 
free of charge by applying to the College of Agriculture, Morgantown, or the 
West Virginia Farm Bureau, Clarksburg, West Virginia. 


First Meeting 
After assembling, and a presiding officer has been selected, the following is 
a suggested order of business: 
1. Members of the preliminary survey committee shall state their findings 
and present recommendations based on these findings. At least two recom- 
mendations should be given at this time: (1) the desirability of organizing a 
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: Delivering supplies by truck is convenient in the large city dairy districts. Refer to 
discussion on pages 27 and 28. 


supply business, and (2) if desirable to organize, whether a car-door or ware- 
house company is more desirable. These recommendations should be fully 
discussed and a vote taken. The committee may go farther at this time in its 
recommendations, but care must be exercised in not bringing in too many 
details which will come logically in the second meeting after other committees 
have had an opportunity to complete their work. The recommendations offered 
and the votes taken should be carefully recorded by by a temporary secretary. 


2. If a decision is made to start a car-door business steps may then be 
taken to perfect an organization for the promotion of this type of service in 
the county. Many communities have been organized as unincorporated as- 
sociations to conduct a car-door business. The County Farm Bureau has often 
taken the responsibility for this work and has appointed or elected a county 
purchasing agent and also encouraged the selection of community purchasing 
agents. If a separate county organization is desired, however, a committee 
should be appointed to prepare articles of incorporation and by-laws. The 
model by-laws given on pages 15 to 18, will serve the purposes very well, and may 
be adopted by vote of those present at the meeting. In case the model by-laws 
are adopted, a tentative board of directors may be elected at this time. This 


board can then take charge of the incorporation of the company, election of a 
permanent board of directors, and carry out other provisions necessary to begin 
business operations. In case other by-laws are desired, a committee can be ap- 
pointed to draw up the by-laws and a second meeting called for discussions and 
adoption. Complete organization may then be carried out as previously stated. 
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When the company is fully organized the board of directors will take full charge 
of the promotion of the car-door service in the county. 


3. If it is decided that a warehouse business is to be promoted, three com- 

mittees should be appointed to take care of the details or organization. 
(a) A committee on incorporation and by-laws. 
(b) A committee on financing, stock subscription, and membership. 
(c) A committee on business site and business facilities. 

4. At the first meeting a rather complete discussion of cooperative principles 
and the state cooperative act by a specialist in cooperative business methods is 
very desirable. At the conclusion of this discussion a vote may be taken to 
determine the will of the members in respect to incorporating under the state 
cooperative act. It may be desirable, however, to defer the vote until the 
committee on incorporation has had an opportunity to be thoroughly informed 
with regard to the merits of the act, and of other alternatives. 


Second Meeting 


After the three committees appointed at the previous meeting have had 
an opportunity to develop carefully worked out plans of procedure, a second 
meeting may be called to discuss the proposals and to vote upon them. If a 
large number of prospective members are present, it is desirable to adopt tenta- 
tive by-laws, as recommended by the committee, and to elect a tentative board 
of at least 5 and preferably 10 directors. This action with regard to directors 
and by-laws will not be binding but should be considered as carefully as if the 
action were final, for it will be expected that the persons who act later as 
incorporators and who then go through the form of legally adopting the by-laws 
and electing directors will follow the actions taken by the larger body of pro- 
spective members. A small body of incorporators can carry out the formal 
organization, including incorporation, adoption of by-laws, and election of the 
first directors, with more dispatch and smaller expense than can be done by a 
larger body of members where conditions are not always favorable to deliberate 
and orderly procedure. The first permanent board of directors, as soon as 
elected, shall proceed to the subscription of capital, the acquisition of the business 
site and facilities, the selection of a manager, and in general to the establishment 
of business operations. 


A tentative subscription list may be circulated at this meeting on which 


is shown the names of the prospective members and the amounts of capital 
which each prospective member will subscribe. 


Incorporation 


A cooperative business which requires a large fixed capital or entails large 
financial obligations should by all means be incorporated. The following are 
the most outstanding advantages of incorporation: 

1. Limits the personal liability of the members. 

2. Permits the association to hold ard transfer title to property of all 
kinds including land. 

3. Gives the association a standing in court proceedings for the collection 
of claims and damages. 


4. Gives the association a better standing in the community. 
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5. Adds stability to the organization and provides for its continuance over 
an indefinite period. 

A cooperative business which is not incorporated has the following dis- 
advantages: 

1. Each member is jointly and severally liable for all obligations of the 
association. 

2. The association cannot sue except in the names of the individual mem- 
bers or in the name of a person duly empowered, and if it is made a defendant 
in a suit only those members served with process are held. 

3. The association cannot take, hold, or convey real estate by its associa- 
tion name. 

4.-The association lacks permanency, stability, responsibility, and business 
standing. 

The Articles of Incorporation should be carefully worked out by a com- 
mittee who will consult the requirements set forth in Section 6 of the State 
Cooperative Act. (See pages 47 and 48.) 

The provisions set forth in the model by-laws on pages 15 to 18 (if these by- 
laws are adopted) should be followed closely in complying with the provisions 
of the law just referred to. If by-laws differing from the model by-laws sug- 
gested in this bulletin are desired, a specialist in cooperative organization and 
business practice should be consulted in the formulation of such by-laws, in order 
that they may conform with tested cooperative principles and practices. Further- 
more, it is advisable to submit the newly formulated by-laws to a lawyer who 
will see that they conform to the State Cooperative Act before Articles of 
Incorporation based on these by-laws are adopted. 


By-Laws 

A good form of by-laws must have the following characteristics: 

1. All provisions must conform with the State Cooperative Act. 

2. The by-laws should conform with cooperative principles and the best 
business practices. 

3. All provisions should be adapted to the needs of the particular type of 
business carried on by the company. 

4. Some provisions may be specifically designed to meet particular local 
conditions. 

To facilitate the adoption of legal, workable, and safe by-laws, a model 
form of by-laws is here submitted. These by-laws have been carefully worked 
out and conform with the State Cooperative Law, as it existed at the time this 
bulletin was published. 

These by-laws are in a large part the results of a study of the experiences 
of more than a dozen warehouses and half as many car-door associations in West 
Virginia, during periods ranging from a few months to more than seven years. 

The model by-laws included may save a good deal of work on the part of 
the incorporators and also perhaps save the company from the embarassment 
of a faulty organization. Originality on the part of the organizers has ro merit 
in the adoption of by-laws for a business in which the organizers have had no 
opportunity for wide experience. 
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When changes are desirable or necessary, they should be carefully reviewed 
by a specialist in cooperative business methods. It is not safe to conduct a 
business with by-laws which have not been submitted to men with training and 
experience in cooperative organization because (1) the by-laws may be illegal, 
(2) may provide for an unwise financing plan, (3) may be unfair and unjust 
to certain patrons and stockholders, (4) may result in loss of control of the 
“company by the members and patrons. These are but a few of the difficulties 
encountered by some of the farmers’ warehouses which have been organized 
in West Virginia. 

Tables 6 and 7 show that there has been an attempt by the warehouses to 
apply cooperative principles with regard to voting and stock ownership even 
though most of the companies have not been incorporated under the State 
Cooperative Act. Several companies allow one vote for each share of common 
stock, relying for well distributed control on limitations placed on the number 
of votes allowed each person. There is always danger of a company which votes 
on the basis of stock ownership getting under control of a few men who will run 
it for their own profit instead of for service to the patrons. Such has been the 
experience of two companies listed in this study. 


TABLE 6.—Systems of Control Employed by 14 West Virginia County Farm 
Bureau Warehouses. 


Number of Shares of 
NWarchoncceNimber System of Control Stock Authorized 
in Order of Date of of Voting Power 
Beginning Business Common Preferred 
1 Each Farm Bureau Member 
One Vote Unincorporated Unincorporated 
2 Each Shareholder One Vote |Unincorporated Unincorporated 
3 Each Common Stockholder 
One Vote No data No data 
4 Each Common Stockholder 
One Vote 226 None 
5 Each Common Stockholder 
One Vote 220 None 
6 Each Share of Common Stock 
One Vote! 1,000 None 
7 Each Share of Common Stock : 
One Vote2 2,000 None 
8 Each Share of Preferred Stock 
One Vote} Vhs 2,500 
9 Each Preferred Stockholder 
One Vote 1,000 90 
10 Each Share of Common Stock . 
one Vote2 1,000 None 
11 Each Share of Common Stock 
one Vote2 600 None 
12 Each Farm Bureau Member 
One Vote No Stock No Stock 
13 Each Farm Bureau Member 
One Vote Unincorporated|Uni 
14 Each Common Stockholder Ta cies 
One Vote 500 No data 
(1) Maximum number of votes by one person, 10 


(2) Maximum number of votes by one person, 40 
(3) Maximum number of votes by one person, 50 
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TABLE 7.—Limitations Provided in the By-Laws With Regard to Dividends and 
Stock Ownership for 14 West Virginia Warehouses. 


Warehouse Num- Maximum Rates of Annual Souiotat Grech Which 
ber in Order of Dividends on Capital One Person is Permitted to Own 
Date of Begin- 
ning Business Common Preferred Common Preferred 
1 Unincorporated) Unincorporated, Unincorporated {Unincorporated 
2 Unincorporated} Unincorporated| Unincorporated |Unincorporated 
3 3 percent 6 percent No data No data 
4 No limit No stock VY, of | percent No stock 
= 5 6 percent No stock 100 percent No stock 
6 6 percent No stock I percent No stock 
7 No limit No stock 2 percent No stock 
8 No stock | 6 percent No stock 2 percent 
9 No stock 6 percent 1/10 of | percent} 100 percent 
10 6 percent No stock 2 percent No stock 
| 6 percent No stock 624 percent No stock 
12 No stock No stock No stock No stock 
13 Unincorporated] Unincorporated Unincorporated |Unincorporated 
14 No stock 6 percent 1/5 of | percent No stock 


Any company incorporated under the general incorporation act can by a 
simple majority vote of the stock wipe out all cooperative features contained 
in the by-laws. This cannot be done so easily when incorporated under the 
State Cooperative Act, because the cooperative features are a part of the Articles 
of Incorporation; and a two-thirds vote of the directors in addition to a majority 
vote of all the members is necessary to amend the articles. Moreover, to change 
property rights and interests a three-fourths vote of all the members is necessary. 


SUGGESTED BY-LAWS FOR A COOPERATIVE SUPPLY COMPANY 
Article 1—Name 
iibhesname-of this organization shall be he 2 = es Cooperative Supply 
Company. 
Article Il.—Object 
Its object shall be to buy and sell on the cooperative plan, articles of common use, including 
farm products, food supplies, fertilizers, farm machinery, repairs, and articles of domestic and 
personal use, or in owning or leasing real estate or any other property necessary for conducting 
its business or to engage in any other activities which are allowable under the cooperative laws 


of West Virginia whether herein specifically set forth or not. 
Article III.—Stockholders 
Section 1. Only persons engaged in the production of the agricultural products shall 


be admitted as members or be issued common stock. 
Section 2. Each holder of common stock shall be a member and shall be entitled to one 
vote. Voting by proxy shall be prohibited. 


Article IV.—Meeting of Stockholders 


The annual meeting of stock holders of the company shall be held on the.._____” 


4 Be ee _ each year at, its prin¢ipal place of business at —--___ —_ 
West Virginia, or at such other place within the said county as the Board of Directors may 


designate. 

Special meetings of stockholders of the company may be held at such times and places as 
the President, or a majority of the Board of Directors, may order and if 10 percent of the 
stockholders file a written petition with the Board of Directors asking for a special meeting 
of stockholders, the same shall be arranged for by the Board of Directors and held according 
to the provisions for the same made in their order. One-fifth of the stockholders of the 
corporation entitled to vote shall constitute a quorum for the transaction of business. 
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Notice of all meetings of stockholders shall be given to each stockholder of record on the 
books of the Company by mailing a copy of such notice to his or her address as the same 
appears on the books of the Company at least ten days prior to such meeting; and by publication 
of such notice at least ten days prior to the meeting in a newspaper of general circulation in 
ee en ee ee COUDLY sow EStimValnei bias 


Article V.—Directors 
Section 1. The affairs of the Company shall be conducted by the Board of Directors. 


Section 2. The election of Directors shall take place at the annual meeting of stockholders, 
or if for any cause such annual meeting is not held, then a special meeting may be called for 
that purpose. Such election shall be by ballot, and it shall require a majority of the stock- 
holders voting to elect. No person who is engaged in a business in competition with any 
business activity of the Company shall be eligible to serve as a director or employee. 


Section 3. The number of directors shall be nine, divided into three classes of three 
Directors each, and the term of office shall be three years, or until their successors have been 
duly elected and qualified. Of the directors elected at the first stockholders meeting, one-third 
shall serve until the first annua! meeting thereafter, one-third until the second annual meeting 
thereafter, one-third until the third annual meeting thereafter, or until their successors have 
been duly elected and qualified, and after the first election one-third of the Board of Directors 
shall be elected at each annual meeting of stockholders for a term of three years, or until 
their successors have been duly elected and qualified. A majority of the Board shall constitute 
a quorum to do business, 


Section 4. The Board of Directors shall meet immediately after the annual meeting of 
the stockholders. Special meetings of the Board shall be held upon the call of the president or 
upon the written request of five members of the Board. 


Section 5. The Executive Committee shall employ an auditor to audit the books of the 
company and make a complete report thereof to the stockholders at each annual meeting. The 
Board of Directors or stockholders may employ an auditor when in their judgment it may 
seem advisable to audit the books of the company and make a report thereof at any regular or 
special meeting. 

Section 6. The Board of Directors shall require every person having the custody of 
money or anything of value to exceed $100 on account of the corporation, to be bonded in 
such sum and upon such terms and conditions as shall be approved by the Board of Directors, 


and a failure to do so shall render the Directors personally liable to the Company for any 
loss resulting from such neglect. 


Section 7. The Board of Directors shall at their first meeting after the annual stock- 
holders meeting select an executive committee composed of the President und two other 
directors with power to transact all business of the Company when the Board of Directors is 
not in session, subject to the approval of the Board of Directors. The Executive Committee shall 
meet on the last Saturday of each month at the office of the Company, and special meetings 
may be called by the president. The Executive Committee shall have power to employ and 


discharge all employees necessary to conduct the business of the Company and to fix the 
compensation of each, 


Section 8. The Board of Directors for sufficient reason may remove from office any member 
of the Executive Committee, by a two-thirds vote of all Directors. But must first give such 


member ten days notice and a chance to be heard. ‘The stockholders may remove a director 
in like manner. 


Article VI.—Officers 


Section 1. The officers of the Company shall be a president and vice-president elected from 
the Board of Directors and a secretary-treasurer elected from the members. Such officers shall 
be elected by the Board of Directors for a term of one year or until their successors are elected 
and qualified, except that the first set of officers shall serve until the first meeting of the Board 
of Directors after the first annual meeting of stockholders. 


Article VIl.—Management 


Section 1. No speculative dealings shall be engaged in or credit extended to anyone by 


any employee of the Company except as specifically authorized by the Executive Committee or 
Board of Directors. 


> Sah 


ae 


March, 1929) CooreRATIVE BuyInc IN West Va. 17 


Article VIUII.—Capital, Stock, Dividends, and Surplus 


Section 1 The capital stock of the Company shall be set forth in the charter of the 
Company. 

Section 2. Only persons engaged in the production of agricultural products shall be 
admitted as members or shall be issued common stock. Each member shall own at least one share 
of common stock. 

Section 3. Each customer of the Company who does not own any common stock may 
automatically become a member and stockholder of the Company and the equivalent of what 
would be due him as a patronage dividend shall be placed to his credit in a special reserve 
fund until it has accumulated to an amount sufficient to pay for one share of common stock. 
The Company shall not issue stock to a member until the stock has been fully paid for. 


Section 4. The transfer of common stock to persons not engaged in the production of 
agricultural products is prohibited and such restrictions must be printed upon every certificate 
of stock subject thereto. 


The Company may at any time, except when the debts of the association exceed 50 percent 
of the assets thereof, buy in or purchase its common stock from the members at the book 
value thereof, as conclusively determined by the Board of Directors and pay for it in cash 
within one year thereafter, less any indebtedness due the association by the sellers of the stock. 


Subject to the restrictions aforesaid the Company shall buy in or purchase the common 
stock of deceased members, of members quitting agricultural production, and of members 
moving out of the trade territory. 

Section 5. The sale of preferred stock of a par value of $100 may be authorized at any 
annual or special stockholders meeting in conformity with the charter of the Company. The 
preferred stock shall be non-voting and the Board of Directors may provide a sinking fund and 
fix a date for retirement of the preferred stock. 

Upon the dissolution of the Company any preferred stock outstanding shall have first 
claim as to membership liabilities. 


Article [X.—Duties of Officers 


Section 1, The president shall be the presiding officer at all meetings of the Board of 
Directors, executive committee, and stockholders. He shall be ex-officio a member of all com- 
mittees. He shall sign, execute, and deliver aJl deeds of conveyance of real estate which the 
directors may order executed, and shall sign all certificates of stock of the corporation, and 
perform such other duties as the Board of Directors may direct. In case of absence, inability to 
act, or death of the president, the vice-president shall discharge the duties of the president until 
his return, his disability is removed, or the vacancy filled. In the absence or disability of both 
president and vice-president a presiding officer may be chosen at the meeting. 

Section 2. ‘The secretary-treasurer shall attend all meetings of the stockholders, the 
Board of Directors, and executive committee and keep in a suitable book the minutes of said 
meetings. He shall have charge of the records and papers of the corporation, shall have charge 
of and affix the corporate seal to all such documents as may require such attestation; shall issue 
notices of all meetings; shall countersign all certificates of stock. He shall receive all money 
paid to the corporation and give his receipt therefor; he shall pay out the same under the 
direction of the executive committee, and shall make such disposition of the| funds on hand as 
the Board of Directors shall determine. He shall keep in a suitable book a true account of 
all transactions. He shall make a full detailed report of all receipts and disbursements to the 
executive committee and the Board of Directors at their regular meetings, and an annual report 
of the same to the stockholders at the annual meeting thereof and perform all the duties 
generally incident to his office as secretary-treasurer. His records shall be open to the inspection 
of any of the directors or stockholders during the business hours. 


Article X.—Refunds and Surplus 


Section 1. The Board of Directors before declaring any refunds or making any appro- 
priations hereinafter mentioned, shall classify the business done to date, according to the com- 
pany’s net profits on each commodity or line handled so as to enable the Company to distribute 
the surplus refund in a just and equitable manner to the members. 
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Section 2. The Board of Directors of the Company is authorized, from the surplus, 
net profits, of the business, in harmony with the provisions of the charter and of these by-laws, 
to declare dividends and refunds and appropriate the net profits as follows: 


First, A dividend on the preferred stock shall not exceed 8 percent for any one year, 
which said dividend on the preferred stock shall be cumulative. 

Second, After payment of current and accumulated dividends on preferred stock, a surplus 
and reserve fund (to cover depreciation and possible losses and provide for facilities re- 
quired in the business and the retirement of indebtedness incurred) shall be created from the 
net earnings of the Company by setting aside before any patronage refund is declared, not less 
than 5 percent nor to exceed 20 percent of the surplus net profits in any one year, according 
to the discretion of the Board of Directors, until such surplus and reserve fund is equal to 
the total amount of the paid in capital stock. 

Third, After the payments of dividends and appropriation to surplus reserve funds, as 
aforesaid, if any surplus net profits are left the same shall be distributed as a patronage refund, 
to the holders of the common stock of this company, in proportion to the volume of business 
done by said member with the Company in each of the classifications as determined by the 
Board of Directors herein before provided for. 

In ascertaining and determining such refund the Board of Directors shall take cognizance 
only of purchases by the members for their own individual use and of the sales of their own 
personal farm products sold by the Company. 


Article XI.—Vacancies in Board 


Any vacancy occurring in the Board of Directors by reason of death or otherwise, shall be 
filled by the Board of Directors until the next annual meeting. 


Article XIIi.—Fiscal Year 


Uheskiscalsyear ‘of the Gompany) shall begit as;0f see eee __and end 
AS Of peer ne er ee oe ee . 


Article XIJ1L—-Compensation 
The members of the Executive Committee may receive a compensation of _ 
dollars per day for each regular and special meeting attended and in addition, 
cents' per mile for each mile traveled to and from each meeting. 


Article XIV.—Amendments 


These by-laws may be repealed or amended by a two-thirds vote of the stockholders 
present at any regular meeting, or by a two-thirds vote of the stockholders present at a special 
meeting held for that purpose. To change property rights and interests a three-fourths af- 
firmative vote of all members is necessary. 


Financing and Membership 


The reed for the committee on financing and membership will be deter- 
mined by the decision to organize a warehouse. A car-door business requires 
working capital only and this but for a day or two when the car is being un- 
loaded. This capital can very conveniently be supplied by the car-door purchas- 
ing agent or borrowed from a bank. For a warehouse, however, fixed capital as 
well as working capital must be provided, since a stock of goods must be kept, 
and equipment and very often real estate must be purchased. 

The methods employed in raising this necessary capital is of vital im- 
portance from the standpoint of (1) sufficient capital, (2) the security of the 
money invested, (3) the control of the company. Several methods for raising 
capital have been used by the farmers’ warehouses in the state. These methods 
may be listed as follows: 

1. Collateral notes given by the members. 

2. Loans from individual banks and county farm bureaus. 

3. Contributions from the members. 


a a 
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4. Using accumulated farm bureau dues. 
5. Using accumulated profits of the business. 
6. Sale of stock, both common and preferred. 


The sale of capital stock has been found to be the best practice whenever 
rather large amounts of fixed capital have been required. More than half of 
the farmers’ warehouses in the state have sold stock in raising the fixed capital 
requirements. To supply real estate alone from $1500 to $24,000 of fixed 
capital have had to be raised. Furthermore, the Cooperative Act makes special 
provisions for capital stock which may be either preferred or common. 

The law provides a number of restrictions, the most important of which are 
that no stockholder shall own more than one-twentieth of the common stock, 
and only operating farmers may be stockholders, members, and patrons. ‘The 
above restrictions are not placed on the ownership of preferred stock. Con- 
venient alternatives are thus allowed in the sale of capital stock. 


Good business practice demands that enough capital stock should be sold 
to provide all the fixed capital required for equipment and real estate and 
furthermore, to provide working capital for a minimum stock of supplies. The 
other methods which have been listed herein should be used as temporary ex- 
pedients or mere supplements to the capital raised by the sale of stock. For peak 
business periods additional capital may be borrowed to advantage. The success 
of the company depends in large part in anticipating the capital requirements 
and actually raising the money at the start. In order to do this the probable 
growth of the business must be estimated. 

Once it has been decided to raise capital through the sale of stock, a com- 
mittee should work out the details carefully with regard to: 

. The kind of stock. 

. The par value of the stock. 

The number of shares to be authorized. 

The relation of stock ownership to voting. 

The retirement, repurchase, and assigrment of stock. 
The methods of selling the stock. 

In making the foregoing suggested plans for the sale of stock, the following 
cooperative principles and practices should be strictly adhered to: 

1. The purpose of the company is savings and service for the patrons and 
not profits on capital stock. The dividends on the stock shall, therefore be 
limited to a nominal rate, for example 6 or 8 percent. 

2. The voting power shall be kept democratic; each member having but 
one vote regardless of the amount of stock owned. 

3. Each patron shall become a member as required by the Cooperative 
Act and shall have some share in promoting the enterprise. 

4, Each patron and member shall participate in the profits of the company 
through the payment of patronage dividends.* 

Since each patron must be a member according to the State Cooperative 
Act, various devices have been suggested to comply with this provision, and also 
to give each member some of the responsibilities and burdens as well as the 
benefits of cooperation. Two plans will be suggested. 


nue bwWND 


* Patronage dividends is a term used to designate the dividends paid out by cooperative companies to its 
members on the basis of the amount of business done with the company rather than on the basis of the 


amount of stock owned. 
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1. Some warehouse companies in the state require, as a qualification for 
membership, that each patron be a member in good standing of the County 
Farm Bureau. To make this requirement effective, these companies reserve the 
right to apply the patronage dividends to the payment of the annual farm 
bureau dues. When this plan is used the requisite capital may be raised by the 
sale of preferred stock in unlimited amounts to members and non-members. 
This stock should preferably carry no voting power and should have a fixed 
cumulative rate of dividends which is sufficient to induce investors to take the 
risks involved. 


2. The other plan may be stated as follows: Stock ownership is made a 
qualification for membership and patronage. As a first step, common stock is 
sold to all prospective farmer patrons who are willing to take at least one share 
of stock at the time the company is being organized. Secondly, some shares of 
this stock will be held for sale to any patrons who may later decide to buy. 
Finally, in order to permit the patronage of farmers who are not willing or un- 
able to purchase stock, a device must be worked out to make each the owner of 
at least one share. This is accomplished by applying the annual patronage 
dividend of each non-stock-holding patron as an installment on the purchase 
price of one share of common stock. This stock is held by the company until 
it shall be paid for in full. In this manner each patron becomes a stockholder and 
member, and more capital is raised as the business grows. ‘There are many 
advantages in the use of this plan in place of the first one suggested. This plan 
is incorporated in the model by-laws given herein. 


Since no persons but those engaged in agricultural production are per- 
mitted to be patrons and voting members, some provisions should be made for 
the retirement and repurchase of the stock. The by-laws should provide for the 
methods of carrying out these provisions in the cases of deceased members, 
members leaving agricultural production, and members moving out of the trade 
territory. The assignment of common stock should be prohibited insofar as the 


TABLE 8.—Number of Stockholders and Par Values of Common and Preferred 
Stock of 14 West Virginia Warehouses. 


Warchouse. Number e Common Stock Preferred Stock 
e rder o e late O 
Beginning Business gieckholdcrs Pak Stacks Stockholders vee stan 
1 33 none none none 
(Contributors) 
2 49 no data none no data 
(Shareholders) 
4 226 Non-par none none 
5 25 $50.00 none none 
6 85 $10.00 none none 
7 100 $25.00 none none 
8 72 $ 1.00 90 $ 10.00 
9 233 $ 1.00 Vd $100.00 
10 80 $25.00 none none 
11 15 $25.00 none none 
12 none none none none 
13 none none none none 
14 225 $ 1.00 37 Sel 0.0 
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TABLE 9.—Total Amounts of Authorized Capital Stock and Paid-up Capital 
Stock for 14 West Virginia Warehouses. aid-up Capita 


Warehouse Number in 


Tota! Authorized Capital 
the Order of the Date (Both Common and Preferred Total Amount of Stock 
of Beginning Business Stock) and Shares Paid Up 
1 Unincorporated $ 1,015.90* 
2 Unincorporated 3,000.00 
(in shares) 
3 No data No data 
4 No par value 3,146.00 
5 $10,000.00 2,000.00 
6 10,000.00 5,800.00 
7 50,000.00 32,962.82 
8 25,000.00 9,380.00 
9 10,000.00 8,250.00 
10 25,000.00 2,800.00 
1] 15,000.00 2,200.00+ 
12 No stock yet authorized None 
bs Unincorporated None 
14 Incomplete data 3,500.00 
Average Amount for 
Those Reporting $20,714.28 $ 6,733.16 


*The members loaned various sums which are being paid back in ten annual installments consisting of 
14 percent of the sum contributed. 
tApproximately. 


law will permit, and the company should be ready to repurchase under ap- 
propriate restrictions any such stock offered for sale. 

In planning the sale of stock the entire community or territory should be 
laid off into districts. Men or committees may then be appointed to canvass the 
farmers in each district. The solicitors should be favorably known in the com- 
munities. Records shall be kept of the men who refuse to buy stock and their 
reasons for doing so. These men may be called upon a second time by arother 
man or committee. In no case should the solicitors be paid for the sale of stock. 
If this must be done, it is questionable if the farmers are yet ready to conduct 
a cooperative enterprise. 

Table 8 shows the number of stockholders and the par value of the stock 
of several warehouses in operation in West Virginia. It will be noted that the 
number of stockholders vary from 15 to 233 and the par value of stock from 
$1 to $100. There has been a tendency to make the par value of a share of 
stock too small. Experiences of most cooperative companies indicate that $50 
should be the minimum for common stock and $100 for preferred stock. 
Doubling these amounts has many advantages. 

Table 9 shows that there are variations in the authorized capital stock of 
from $10,000 to $50,000 and an average of $20,714.28 for the seven ware- 
houses reporting. The paid-up stock ranges from $2,000 to $32,962.82 with an 
average of $6,733.16 for those reporting. It will be noted that the average 
paid in stock is approximately one-third of the authorized capital. Most com- 
panies have found themselves without sufficient funds, therefore, every en- 
deavor should be made to anticipate future requirements before business is 
begun. It is usually much easier to sell stock during the promotion period than 


later. 
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TABLE 10.—Estimated Total Amount of Capital Consisting of Working Capital 
and Value of Real Estate Used in the Business During the Last Fiscal Year 
or Part of Year, Compared to Value of Products Sold for Same Year for 9 
West Virginia Warehouses. 


Warehouse Num-| Estimated 
ber in the Order Amounts of Estimated Aver-| Value of Real Value of 
of the Date of |Working Capital; age Amounts of Estate Which Products Sold 
Beginning Busi- |Plus Real Estate| Working Capital|Was Being Used During Year 
ness Values for Warehouses 
3 $69,000 $45,000 $24,000 $112,000 
7 57,000 36,000 22,000 77,084 
9 21,410 16,000 5,410 101,952 
i} 13,709 11,500 2,200 26,000 
8 2-750 8,000 4,750 40,937 
6 10,500 6,000 4,500 52,579 
4 9,500 8,000 1,500 41,500 
10 9,500 4,000 no data 35,000 
| (7 months) 
[2 8,400 5,100 3,400 18,000 
- (6 months) 


Table 10 shows the estimated amounts of capital used by fourteen ware- 
houses in West Virgiria. The variations in the total capital employed range from 


THOUSANDS OF DOLLARS 


70 


80 


WAREHOUSE NUMBER 


TOTAL CAPITAL VOLUME OF BUSINESS 


— 


Fig. 2.—Comparison of toial capital and volume of business for nine West Virginia 
Warehouses for the fiscal year end ng June 30, 1925.1 Sse Table 10 for data on which this 
graph is based. 


1 Total capital as here used is the sum of the working capital and real estate values. 
3 Estimated from seven months business. 


aEstimated from six months business. (Refers to warehouse No. 12.) 
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NUMBER OF TURNOVERS 
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Fig. 3— Comparison of turnovers of working capital for the nine West Virginia ware- 
houses compared in Figure 2, for the same period of time or the fiscal year ending June 
30, 1925 1 


$8,406 to $69,000. The differences in the amounts of both working capital 
and real estate values show similar wide variations. The relationship of the 
value of the real estate to the working capital ranged from about one-fifth to 
considerably more than one-half. This relationship is of great importance to 
the success of the business. 

Figure 2 shows graphically the relationship between the total capital and 
the volume of business for each of nine warehouses for the fiscal year ending 
June 30, 1925. There is a wide range in the number of turnovers per year, a 
range of about 1 1/3 to 6 1/3 turnovers. The number of turnovers is a good in- 
dication of efficiency in the use of capital and usually of the efficiency of the 
business as a whole. 

Figure 3 gives graphically the number of turnovers of the working capital. 
There is a variation of from about 2 1/5 to 10 1/3 times annually. These turn- 
overs are good indicators of the influence of the credit policies, the stocks of 
goods carried and the volumes of business on the operating efficiency of each 


warehouse. 


2 Working capital consists of all capital owned and borrowed except real estate. 
3Estimated from seven months business. 
aEstimated from six months business. 
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Site and Business Facilities 


The committee on site and business facilities has three alternatives, namely: 
(1) to rent a building, (2) to purchase an existing building, or (3) to build a 
new one. In making a choice the committee should very carefully consider the 
adaptability of the various sites available. Very often farmers fail to realize 
the importance of being located: (1) on a railroad spur which saves a great 
deal of handling of heavy supplies; (2) in the village or city which is commonly 
patronized by most of the prospective patrons; (3) near the place where most of 
the members go when in town attending to other business. Inconvenient 
locations have been one of the chief difficulties of a number of farmers’ ware- 
houses in the state. Expensive retail sites need not be selected, but the ware- 
house should not be a great distance from the retail district. In large cities 
expensive real estate makes the selection of a site very difficult and in many 
cases the selection of a site outside of the main business district, or the location 
in a smaller town, will be necessary. 


When deciding to rent, buy, or build, some of the factors to be considered 
are: 


1. The amount of capital available in addition to that needed for working 
capital. 


2. The relative annual costs of each of the three alternatives in obtaining 
a building. 


3. The possibility of buying out a competitor. 
4. The time when it is most desirable to begin the business. 


5. The risk involved in beginning the business may be a sufficient reason 
for renting a warehouse, since the business can be more quickly closed up and 
the assets more easily returned to those contributing them. 


TABLE 11.—Real Estate Costs and Values for West Virginia Cooperative Ware- 
houses Considered in This Study. 


Warehouse Number in the Estimated Value of 
Order of the Date of Original Cost of the Warehouse Real Estate at 
Beginning Business Real Estate Time of Survey 
l $ 2,200 $ 2,000 
2 3,000 3,000 
3 24,000 27,500 
4 1,500 (land leased) 1,500 
5 1,800 2,000 
6 4,500 6,000 
if 21,000 26,000 
8 4,750 4,750 
9 5,410 5,410 
10 | $30 per month rent no data 
11 2,200 2,200 
12 3,400 4,100 
13 $130 per year rent no data 
cat4 $50 per month rent no data 
Average for Owned 


Warehouses $6,705.45 $7,678.18 
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6. The adaptability of buildings and sites available for purchase and rent. 


7. The business sagacity of the committtee and the favorable opportunities 
open at the time of organization. 


Table 11 gives the original cost of the real estate of eleven farmers’ ware- 
houses in West Virginia. It will be noted that in several cases there has been a 
rise in the values, due in part to repairs ard additions, but in a large part due to 
the tendency in recent years for urban real estate to advance in price. 

The purpose of the warehouse business is primarily to reduce the cost of 
obtaining supplies and rot to make a profit on advancing real estate values. 
These advancing values are often so highly capitalized as to prohibit the business 
from earning sufficiently to pay the interest charges on the price paid for the 
land. 

Whether the decision is to build or to buy, a reliable, disinterested, ex- 
perienced person should be procured to examine and appraise the property or 
to give reliable estimates as to the costs of building a warehouse, and to examine 
all plans and bids submitted by contractors. 


A humble beginning is often desirable for it is quite easy to obtain larger 
business facilities when the volume of business warrants such expenditures. 
A large, expensive warehouse is often too great a burden for a struggling co- 
operative business which must build its business by the slow process of justify- 
ing itself through high quality products offered at retailing margins which are 
low erough to obtain and hold a sufficient volume of business. 


BUSINESS PLAN 


The business plan should be carefully worked out by the executive com- 
mittee in consultation with the marager. Too often the manager is given full 
authority in this matter, but sharing the responsibility with the executive com- 
mittee will give the manager more confidence, and a more secure position in 
carrying out the policies agreed upon. The manager should always be in a 
position to appeal to higher authority if it becomes absolutely necessary in deal- 
ing with the patrons. The following suggestions are given as a workable plan 
for a business operation. 


Business Policy of Car-Door Associations 

A car-door business is fourded upon orders in advance and cash payments 
when the car is unloaded. This is the minimum of service which can be rendered, 
and any deviation from this plan will invariably increase the costs of handling. 
Table 12 shows the charges on the most common products handled by car-door 
associations. The most common handling charges amount to from 2 to 5 percent 
of the cost price. These charges are surprisingly low. They are from one-fifth 
to one-third of the usual warehouse charges. 


Most associations pay the car-door agert on the tonage basis. A few as- 
sociations pay a commission based upon a certain percentage of the cost price. 
Both plans seem to work out satisfactorily for all parties concerned. The 
margins allowed the car-door agent should be sufficient to pay interest on capital 
advanced, to compensate for risk taken, to encourage and compensate for the 
use of a due amount of diligence in collecting orders at stated intervals, in keep- 
ing adequate accounts, and extending reasonable services in unloading the car. 
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TABLE 12.—Handling Charges for Seven West Virginia Car-Door Associations 
Included in This Study. 


Handling Charges in Percentages 


Car-Door Associat‘on Num- of the Cost Prices 


se! of. NecRe eee Feed | Flour Fertilizer Lime 
I 3 to 4 | 3 to 4 Dito 3 
Z 3 to 4 3 to 4 2 to 5 3) 
3 | D [ z 2 2 
4 l to 5 eto) Zito 1 to 5 
5 | 4 4 4 4 
6 3to 4 3 to 4 4 4 
7 | 3to 4 I no data 20 to 30 


The following is a list of the products handled by five county farm bureau 
car-door associations in the order of total value of the amounts purchased for 
the fiscal year: (1) Feed and flour, (2) fertilizers, (3) lime, (4) seed, (5) 
salt, (6) sugar, and (7) farm machinery. 


Business Policy of Warehouses 


The board of directors and executive committee declare the general busi- 
ness policy of the company. This should be done after consultation with the 
manager and after due consideration of the factors involved. Specifically 
the board should determine: 

1. Commodities to be handled. 

. Policy to be followed with regard to prices and retailing margins. 
. What types of credit accounts, if any, to permit. 

. Buying policy to be followed. 

. Services to be rendered other than selling supplies. 


: } COMMODITIES HANDLED ’ 
The commodities which a particular warehouse should handle will depend 


largely upon the need for such supplies by the patrons, the volume of such 
supplies required, and the facilities for handling such products at reasonable 
margins. 

The following is a list of the products handled by eleven county farm 
bureau warehouses in the order of the total value sold during the fiscal year: 
(1) Feed and flour, (2) fertilizers, (3) seed, (4) farm machinery, and hard- 
ware, (5) lime and limestone, (6) hay, (7) sugar, (8) cement, (9) spray 
material, (10) miscellaneous—(a) canned foods, (b) coffee, (c) oyster shelis. 

PRICE POLICY 
All the warehouse managers consulted were convinced that the prices 


charged should be the same to all patrons. This has been found necessary in 
order to avoid complexities in carrying on the business and to avoid misunder- 
standing and conflict. Moreover, experiences of warehouse and cooperative store 
managers elsewhere have shown the wisdom of avoiding “‘cut-throat”’ prices or 
the plan of keeping the retailing margins so low as to barely pay the cost of 
doing business. It is a safe business practice to ask a fair competitive price for 
supplies and to rebate any profits above the costs of doing business to the 
patrons at the end of the fiscal year. This practice gives stability and safety to 
the business and tends to avoid any undue enmity and unfair tactics on the 
part of competitors. In the end, it results in furnishing the patrons with supplies 
at the actual cost of doing business. This price policy can be further commend- 
ed in that it gives a tangible and clearcut advantage in the form of patronage 
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dividends to the members in dealing with their own company. Moreover, non- 
members cannot obtain the same benefits by remaining outside and continuing 
to purchase from the competitors.* They will, therefore, be encouraged to 
become members. 

Table 13 gives the average retail margins for small lots at the various 
warehouses in the state for the last fiscal year. The average retailing margins 
ranged for the various kind of supplies from 9.5 percent of the cost price for seed 
to 20.1 percent for lime. The greatest part of the business was done in feed 
and flour and the margins on these products ranged from 6 to 20 percent and 
averaged 12.6 percent. The wide range in retailing margins by the various 
warehouses was largely due to the wide range in the volume of business, the kind 
of services extended, the nature of the competition and the price policy followed. 
The lower retailing margins were due in most cases to the sale of larger volumes 
of supplies which were called for at the warehouses and sold almost wholly on a 
cash basis. 

The retailing margins which are necessary for any warehouse, are directly 
affected by the kind of service demanded. This service ranges from advanced 
orders with cash at the car-door to a continuous supply of a great variety of . 
supplies delivered at the farmer’s door on a credit basis.f 

The most common types of service extended by the various county farm 
bureau business units may be listed as follows: 


1. Ordered in advance and paid for at the car-door. 

2. Ordered in advance, stored temporarily, and paid for when obtained. 

3. Limited stock of staple supplies at the warehouse and cash demanded 
at the time of purchase. 


TABLE 13.—Average Retailing Margins for Small Lots at the Warehouses In- 
cluded in This Study for the Fiscal Year Ending June 30, 1925. 


Average Retailing Margins in Percentages of 


Warehouse Num- the Cost Prices 


ber in the Order of Miscel- 
the Date of Begin- | Feed and | Fo titizer Salt Seed Lime | laneous 
nine Business Flour Supplies 
I 10 54 20 8 V7 | 13 
Hd 8 8 No data 8 No data 8 
3 15 44 20 15 9 15 
4 13 12 20 4 10 10 
5 11 11 at 1] No data 11 
6 20 16 12 15 25 15 
7 10 174 No data | No data No data | No data 
8 13 13 No data | No data No data 8 
9 10 20 10 10 50 15 
10 10 10 10 5 10 10 
11 No data 10 No data | No data No data | No data 
eZ 20 15 No data 10 20 10 
13 TZ 10 No data | No data No data | No data 
14 10 No data | No data | No data No data | No data 
15 6 No data No data | No data No data =| No data 
Average for | | 
een oning 12.6 WEY) 14.2 9.5 20.1 11.5 


* It has been found that most private feed dealers will not unduly lower the retailing margins in competing 
with a cooperative company, bur will tend to keep prices about on the same general level. 
+ Most warehouses will order in carload lots at lower handling charges than for smaller lots, often as low 


as 2 to § percent of the cost price. 
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4. Limited stock of staple supplies at the warehouse and credit allowed for 
small amounts for short periods of time. 


5. A full stock of staple supplies at the warehouse and liberal extension 
of credit allowed. 


6. A full stock of staple and seasoned supplies at the warehouse, liberal 
extensions of credit allowed, and delivery made to the farms by truck. 

Local conditions, custom, and competition, together with the available 
business capital and facilities will to a large degree determine how far the 
services should be carried. That additional services must be paid for must be 
kept constantly in mind. Warehouse services have been approximately three 
times as high as car-door services as practiced by the various farm bureau 
service units in the state. These additional services and charges are often 
desirable and the demands and customs of the members should be known before 
the buviness is organized. 

Due to competition it is difficult to keep the margins charged uniform 
for different periods of time and for various kinds of supplies. Care should be 
exercised, however, to prevent an undue burden on some supplies and too light 
a burden upon others. There should be a constant effort to maintain a direct 
relationship between costs of handling and the retailing margins charged. 

Most of the warehouses handled supplies through orders in car-lots at rates 
comparable to those charged by car-door associations, ranging from 1 to 5 
percent. 

CREDIT POLICY 

To avoid the serious dangers of credit extensions, warehouses must de- 
monstrate to the patrons that buying for cash really pays not only interest on 
the money but considerably more. The patrons must clearly understard that a 
credit business requires more capital, more costly management, and larger 
retailing margins. The larger margins are needed for the most part to take care 
of the risks and to pay for some accounts which irevitably cannot be collected. 
The patrons who buy for cash are constantly paying part of the expense of 
carrying the credit accounts of other patrons. 


Moreover, selling supplies for cash or at most on thirty day accounts, gives 
a competitive advantage which private dealers overcome with difficulty. It can 
be readily understood that supplies sold on much narrower retailing margins 
soon induce many farmers to take advantage of these lower prices whenever 
they find it possible to pay cash. The prosperous and more reliable farmers will 
be the first to derive the benefits of buying for cash. This opportunity to buy 
at lower prices for cash tends to compel private competitors to lower their 
margins during the time when their best customers are being drawn away and 
only the patrons of poor and uncertain finarcial standing are left. Quoting 
a private feed store owner in competition with a cooperative warehouse: “I must 
go either on a cash basis or out of business.” With the farmers’ cooperative 
warehouses selling at lower margins on a cash basis, an alternative is at hand 


which is effective whenever supplies are being sold by private dealers on the 
credit basis at exhorbitant margins. 


The disadvantages of a cooperative company’s doing a credit business may 
be pointed out as follows: 


1. Inadequate funds for credit extensions. 
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2. Higher costs entailed by credit service. 

3. Necessary partiality shown by the manager. 

4. Difficult collections from the members who have, of course, a voice in 
the management of the company. 

5. More experienced and higher salaried managers are required. 

6. Impaired credit standing among wholesalers and often inability to 
take advantage of cash discounts. 

7. Opportunity of influential members to obtain disproportionate amounts 
of supplies on credit. 

8. Inability to regulate retailing margins in the trade territory because of 
high costs. 

9. Lack of opportunity for members to take advantage of the lower costs in 
buying for cash. 

The advantages which accrue in doing business on a cash basis are very 
similar to the competitive advantages enjoyed by cash and carry grocery stores. 
There is a place for a cash supply business in every trade territory of normal 
size. Farmers’ cooperative warehouses are particularly adapted to carrying on 
this type of business. A substantial part in some instances, or even a rather 
small fraction of the business of a trade territory in others is sufficient to regulate 
retailing margins. 

Table 14 shows the total amount of credit outstanding to patrons by each 
warehouse, and the maximum amount extended to individual patrons at the 
time of the survey. For the warehouses reporting credit extensiors, $800 was 
the smallest total amount and $19,222.82 the largest. The amount outstanding 
to single individuals is for several warehouses seriously out of proportion to the 
amount of business done ard working capital available. This practice of 
permitting a single individual to obtain several hundred dollars worth of supplies 
on credit is poor business practice and is unfair to other members of the as- 
sociation. 


TABLE 14.—Estimated Total Amount of Credit to Patrons and the Maximum 
Amount of Credit to One Patron on Certain Dates, Compared to Amounts 
of Working Capital Used During the Fiscal Year for 12 of the Warehouses 
Included in This Study. 


| Estimated Amounts 


i i i ount of Working Capital 
ae oe Be pier oaea Pik at “Credit. eed Used ee Fiscal 
Beginning Bus'ness to Patrons to One Patron Year 
1 $ 6,000.00 | $638.46 $11,500.00 
ey | No credit No credit No data 
3 17,819.00 800.00 45,000.00 
4 3,700.00 499.00 8,000.00 
5 2,900.00 325.00 No data 
6 800.00 Very small 6,000.00 
i 19,222.82 No data 36,000.00 
8 B58 27/28) 200.00 8,000.00 
9 7,844.50 800.00 16,000.00 
10 2,000.00 125.00 4,000.00 
11 No data No data No data 
12 1,500.00 No data 5,100.00 
Average for Those 
Rete rting S07 Ol 32 $483.92 $15,511.00 
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Fig. 4—Total credit extensions to patrons on certain dates compared to average 
annual amounts of working capital for nine of the warehouses included in this study. See 
Table 14 for data on which this graph is based. 


Figure 4 compares the amounts of credit extensions on certain dates to 
average amounts of working capital for the previous fiscal year. Credit ex- 
tensions equal approximately one-half of the working capital for seven of the 
nine warehouses. This, however, does not indicate that all the warehouses have 
about the same credit policy. A few warehouses have a large percentage of their 
credit accounts outstanding for from four to ten months and even more than 
a year. Other warehouses have a rapid turnover of credit accounts by working 
on a 30 day basis. It can be readily understood how the length of the credit 
accounts determine the efficiency with which this portion of the working capital 
is used. Lorg credit accounts have proved a serious handicap in that they have: 

1. Diminished the available working capital. 

Made rapid turnovers of capital impossible. 

. Forced reductions in the stocks of supplies. 

Impaired the confidence of the members and stockholders. 

Made extensions of short time credit very difficult if not impossible. 


Credit extensions are a constant source of worry to the directors and 
managers and add greatly to the complexity of the business. The problem of 
keeping credit extensions within bounds has been the most perplexing difficulty 
confrorting the several warehouse managers. Several methods have been tried 
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to overcome the tendency to force the company to carry too large a burden of 
credit accounts. These include: 


1. The manager is held personally liable for all credit extensions. 

2. Interest is charged on all accounts after 30 days. 

3. Interest bearing notes have been required on all accounts after 30 days. 

4. Credit accounts have been made a special privilege extended only as 
a special favor under particular circumstances. 

§. Professional collecting agencies have been employed to collect accounts 
in arrears. 

Figure 5 illustrates graphically the wide differences in the credit business 
of nine warehouses. It will be noted that the credits outstanding on certain 
dates during the survey ranged from 1.52 to 24.94 percent of the volume of 
business for the last fiscal year. The length of the credit accounts as well as 
the rapidity of the stock turnover are far more important in influencing the 
above percentages than is the proportion of the working capital outstanding on 
credit accounts. It is perhaps reedless to point out that the warehouses with the 
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Fig. 5—Percentages of the total volume of business for the fiscal year ending June 
30, 1925, represented by outstanding credit accounts on certain dates for nine of the ware- 
houses included in this study. Compare with Figure 4. See Tables 10 and 14 for data on 
which this graph is based. 
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three lowest percentages of credit accounts are in sound financial circumstances, 
while those operating on more than a 10 percent basis are, with one exception, 
in somewhat of a hazardous position.* 


The attitude and ability of the manager is the greatest factor in keeping 
credit accounts within bounds. He should not, however, be given all the 
responsibility. The board of directors, and executive committee, should give 
. their sanction to the refusal of credit in large amounts and for long periods of 
time. In fact, the executive committee should review each of the credit accounts 
frequently. Under certain circumstances the directors should put the business 
on a strictly cash basis. Constant progress toward a cash business should be the 
aim of farmers’ cooperative supply companies. 


BUYING POLICY 


Ordering the stock of commodities will in most cases be left in the hands 
of the manager. It is possible, however, for the executive committee and 
officers to lay down general rules to be followed. These rules should not be too 
restrictive for the manager is usually in a better position to know what is 


required than are the directors. The following may be taken as workable and 
wise restrictions: 


1. Advance or speculative orders far in excess of current requirements 
should not be placed without the consent of the executive committee. Serious 
losses often arise from such transactions. 


2. The prices charged should be regulated by local and central market 
prices rather than by the cost of the supplies on hand. Experience has demon- 
strated that if the usual retailing margins are charged during rapidly rising 
Prices, an insufficient amount will be obtained to compensate for unavoidable 
losses incurred when there are rapidly fallin g prices. 


3. New lines of supplies should not be ordered without the consent of the 
executive committee because of the extra capital requirements and other com- 
plications involved. 


4. Joint purchases with other retail firms ard companies should be very 
carefully guarded since the cooperative incorporation act prohibits dealing 
with anyone but members who must be producers of agricultural products. For 
the same reason a wholesale business with general retail stores should be avoided. 


5. A general policy may be carried out with regard to the purchase of 
certair. classes of supplies. They may be classified as follows: staple supplies to 
be kept in stock at all times, seasonal supplies to be kept in stock for certain 


periods, and special supplies purchased only when specifically ordered by in- 
dividual patrons. 


The manager needs all his experierce and business shrewdness in placing 
orders for high quality supplies at the lowest prices. He should build up business 
relationships based upon confidence and should not let temporary price advantages 
determine his purchases. Corfidence in quality, and in consistent and prompt 
service are often as important as the price. In the foregoing respects a co- 
operatively controlled brokerage business can be of great service to the local 
supply warehouses and car-door agencies.+ 
* This company is doing a rather large wholesale business which is seldom done on a cash basis. 


} The West Virginia Farm Bureau Cooperative Association is now engaged in a brokerage business for the several 
warehouse companies and car-door associations in the state. 
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SERVICES OTHER THAN SELLING COMMODITIES 


Local conditions, the volume of business, and the need for types of services 
other than selling commodities will largely determine the course followed by 
the warehouse management. The following list gives various types of services 
which have been rendered by fourteen county farm bureau warehouses in West 
Virginia, arranged according to the numbers that have been assigned the 
warehouses and used throughout this discussion: 

1. Retail locally grown seed, hay, and grain. 

2. No service other than handling commodities. 
3. Market small amounts of potatoes. 
4 


(a) Sell eggs and poultry on a commission basis. 
(b) Mix feeds for patrors. 


5. No service other than handling commodities. 
6. Store wool on premises. 

7. Use facilities for loading potatoes. 

8 


(a) Buy cream for cash and ship to creameries. 
(b) Buy poultry, eggs, hides, calves, and potatoes 
for cash and ship to central markets. 
(c) Use truck for outside hauling. 
9. Retail locally grown seed, hay, and grain. 
10. (a) Assemble wool for state wool pool. 
(b) Exchange supplies for locally grown potatoes. 
11. Assemble wool for wool pool. 
12. (a) Buy cream for cash and ship to creameries. 
(b) Act as selling agent for home canned tomatoes. 
13. No service other than handling commodities. 
14. (a) Buy cream for cash and ship to creameries. 
(b) Furnish scales for cattle shippers. 


Additional services are being rendered by the smaller and newer warehouses. 
It is often feasible where the volume of commodities handled is insufficient to 
pay over-head expenses to take on other types of business such as those listed 
for the warehouses included in this study. This is found convenient also where 
the supply business tends to be rather seasonal, In other cases some new farm 
enterprises have as yet no marketing agencies and this business is forced upon 
the management. Where the volume of supplies handled is sufficient to require 
the full time of the manager, however, other services are not sought, ard in fact 
are unduly burdensome. If the additional services are rendered, additional labor 
must often be employed for this purpose alone. For the foregoing reasons the 
more successful supply companies are doing very little else than selling com- 
modities. As a general principal, it is well to keep a cooperative business 
restricted to a limited number of services and lines of endeavor. 


MANAGEMENT 


Management problems will be treated in this discussion under the follow- 
° . . . 
ing headings: Board of directors and executive committee, manager, and ac- 


counting system. 
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The Board of Directors and Executive Committee 


The members of a cooperative company delegate their authority to a board 
of directors. "The State Cooperative Act is rather definite in regard to this 
matter; Section 12 begins with this statement: “The affairs of the association 
shall be managed by a board of not less than five directors, elected by the mem- 
bers or stockholders from their own number.” Other provisions of this section 
may be found on page 49. The authority may be further delegated by the 
board of directors to an executive committee consisting usually of three mem- 
bers, all of whom are members of the board. This committee may assume “all 
the functions and powers of the board of directors subject to the general 
direction and control of this board.” This practice permits the unified control 
and centralized responsibility demarded by good business practice. 


The men chosen as members of the board of directors and of the executive 
committee should be men of integrity, the most experienced in business to be 
found in the organization, well-liked and respected, and actually interested in 
the operating success of the warehouse because of rather large and continuous 
patronage. 


The length of term for the directors should be for more than one year, 
since each new director must learn the business before he can serve most ef- 
ficiently. This can be accomplished by making the term of each director 3 years 
and by electing one director each year. This will keep the majority of the old 
board members over the period of any one election. It is a good business 
practice to keep the same directors and officers whenever they are giving good 
service. ‘Passing around the honors’ usually means less efficient management. 


This applies even more strongly to the manager and secretary who carry on the 
routine business. 


Reasonable compensation should be paid the directors and executive com- 
mittee. Uuless this is done a lack of interest, poor attendance at meetings, and 
too few meetings are apt to be the result. This applies especially to the executive 
committee which should meet at least once a month, and go over the business 
thoroughly with the manager. With a strong executive committee functioning, 
it is not necessary to have more than semi-annual or quarterly meetings of the 
board of directors. Meeting but a few times each year, traveling expenses are 
often sufficient compensation for the board of directors, but the executive 
committee should receive a fixed compensation besides traveling expenses for 
all regular and special meetings. 


Too much emphasis cannot be placed upon the direct responsibility of the 
executive committee in keeping in close touch with the business at all times. 


The meetings of the executive committee should be scheduled definitely and the 
business handled with precision and dispatch. 


The Manager 


The most important function of the executive committee or board of 
directors is the selection of a manager. It is well to have several eligible men in 
mind before the company is organized. All personal preferences should be cast 
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aside, and the best qualified man selected. In general the manager must be well- 
liked by the members and patrons and at the same time be a man who will pro- 
mote the business interests of the company. “It requires a man with tact, with 
ability to appraise human nature, and with the rare faculty of being able to 
decide impersonally against individual members in controversy without giving 
offense.” He must be a man who has a deep sense of responsibility in making 
the cooperative venture a success. He should have knowledge of cooperative 
principles and practices and should be imbued with cooperative ideals. A selfish 
individualistic man will fail as the manager of a warehouse which is run on the 
cooperative principle of services to the patrons. 


It is often unwise to employ a man as manager who has spent a large part of 
his life in similar business for himself. He cannot easily accommodate himself 
to the cooperative point of view. The better managers in West Virginia have 
come directly from the farm to the warehouse, having had some business ex- 
perience earlier in life. .They have as their main assets: the cooperative spirit, 
integrity of a high order, business corservatism, understanding and sympathy 
with the patrons, and a willingness and desire to learn the part of the business 
with which they are not familiar. 


Table 15 shows the salary, months employed, and the age of the managers of 
eleven county farm bureau warehouses in West Virginia. It will be noted that 
the tenure has been rather brief thus far. This is inevitable in most cases due to 
the short period of the existence of the company. The salaries range from $600 
to $2,000 per year. The most common salary is from $1,000 to $1,500 per 
year. For the smaller warehouses these salaries may be sufficient, especially in 
the beginning. But when a warehouse is doing a $100,000 business annually, 
a salary of less than $2,000 per year is undoubtedly too low to attract and hold 
the high type of management required. Good services manifested by courteous 
treatment, low overhead costs, prompt collections, a workable accounting 
system, and a growing business should be rewarded by a gradual increase in 
salary for the manager. He should feel that he is doing as well financially as 
he could do if employed elsewhere. 


TABLE 15.—Salary, Months Employed, and Age of the Managers of Eleven 


County Farm Bureau Warehouses in West Virginia. 


Warehouse inumber in ; : =e eae: 
Be cies Saehens - a. a pir or the potest Maracas 
| $1,020 2 50 
B 1,800 12 50 
4 1,150 24 45 
6 1,500 26 28 
7 2,000 24 45 
8 | 1,500 26 27 
9 1,700 20 38 
10 1,200 i 45 
i 600 ie 65 
13 Cornmission No data | No data 
| basis i= 
14 Commission No data No data 
basis 
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The manager should be young enough to appreciate the opportunities of- 
fered him by his position. Retired or aged men seldom give satisfaction over 
long periods of time. Every effort should be made to keep a good manager for 
as long a period as he can be held by the opportunities which are made possible 
by the business. 


Accounting System 

Management cannot be thoroughly efficient without systematic records. 
Neither car-door associations nor warehouse companies can afford to operate 
without records which are reasonably complete and actually usuable. Lack of 
knowledge and interest in the keeping of accurate records is one of the greatest 
weaknesses of the cooperative warehouses in the state. Much progress is being 
made, however, by the more successful warhouses in correcting this weakness. 

In the case of cooperative companies svstematic accounts are required for 
other reasons than that of merely efficient management. These reasons may be 
listed as follows: 


1. The interests of a large number of people are in the hands of the manage- 
ment. Justice calls for permanent and complete records. 


2. Complete records are necessary in order to comply with the State 
Cooperative Act which requires the payment of patronage dividends. To 
comply with this provision the amount of patronage by each member must be 
known. 


3. Confidence of the members must be sustained by complete information 
with regard to all details of the business. Complete records are often necessary 
to allay unfounded suspicion and distrust. 


Many managers are puzzled over the problem of what kind of books to 
keep and how to keep them. In actual practice the records of the warehouses 
in the state ranged from the keeping of a day book and a checking account 
to a complete double entry bookkeeping system which included sales slips, 
daybook, journal, cash book, and ledger. In place of the common cash book, 
some managers have recommended the adoption of an income tax record book 
similar to the one put out by the Greenwood Company, 712 Federal Street, 
Chicago, Illinois. This type of book automatically gives a monthly and annual 
balance form if filled out completely. 


Unfortunately, accountancy cannot be learned from the various record 
books and experimentation in keeping records is a rather hazardous business 
practice. To install a system of accounting the services of an experienced 
accountant has, as a general rule, proved to be profitable. Moreover, it is a good 
plan to supply an experienced bookkeeper long enough to thoroughly familiarize 
the manager with the system. Often a bookkeeper may be employed on a part 
time basis. Where the manager is kept busy with other work due to a large 
volume of business, a full time assistant may be hired to keep the books. As a 
general principle it is never advisable to neglect the bookkeeping needs of the 
business even though the expense may appear to be excessive. 

Making the books effective for the use of the manager, executive committee, 
and the board of directors requires skill on the part of the bookkeeper and 
considerable study on the part of those responsible for the management. Two 
devices for facilitating an analysis of the business are in general use, the balance 
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sheet and operating statement. The balance sheet should be made use of 
frequently for it can be calculated from rather limited records. ‘A balance 
sheet in an orderly arrangement of assets owned by a business and the claims 
against it, the purpose of which is to show clearly the financial condition of the 
business.” A sample balance sheet will be found on pages 40 and 41. 


An operating statement should be prepared at least once a year, and a 
quartely statement is very helpful especially for a new business. The operating 
statement calls for accurate and adequate accounts which are costly, but even so 
the operating efficiency of the business is so focussed before the manager and 
directors as to warrant the additional labor and expense. Since the operating 
statement makes possible a frequent check on the profitableness of the business, 
and a comparison between succeeding periods and seasons, it points the way to 
improvements. A sample operating statement, specifically adapted to cooperative 
companies will be found on pages 44 and 45. 

Table 16 shows the frequency of audits, the personnel of the auditors, and 
the number of inventories per year for the several warehouses covered by this 
study. An annual audit is the usual practice. Inventories are more frequent 
and range from 1 to 12 annually. For the cooperative companies audits are of 
particular significance because of the relation of confidence to the success of the 
enterprise. The personnel of the auditing committee should always include at 
least one experienced accountant. Too often an auditing committee selected 
from members of the company make a hasty examination because of inadequate 
knowledge of accountancy. 

Some members of the executive committee or of the board of directors 
should, as a rule, be present to participate in the taking of an inventory. This 
has the advantage of establishing confidence and at the same time of giving 
the executive committee some very desirable details of the business. 


Suggested Balance Sheet 


On pages 40 and 41 will be found a suggested balance sheet for cooperative 
associations, as prepared by the Department of Agricultural Economics of the 


TABLE 16.—Number of Audits and Inventories made by Twelve County Farm 
Bureau Warehouses During the Fiscal Year or Part of Year Covered by 


This Study. 


Warehouse Number in the; __ 
Sn ot eae : Number of By Whom the Audits Number of 
Beginning Business Audits Were Made Inventories 
i} 2 President or Manager 1, 
3 1 Certified Public Accountant | 
4 | State Extension Service No data 
5 1 Committee of Stockholders | 
6 i] Certified Public Accountant 12 
7 | Another Bookkeeper 1 
8 ] Commercial Auditor 2 
9 i} State Extension Service 3 
10 I State Extension Service 6 
12 i] State Extension Service 2 
13 None as None as 
yet yet 
14 None as None as 
yet yet 
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New York State College of Agriculture at Cornell University, Ithaca, New 
York. 
The items listed on this balance sheet are explained by the department as 
follows: 
ASSETS 


1.—CurrentT Assets. Includes all assets which are normally to be converted into cast 
’ within a period of one year in the ordinary course of business. 
2.—Cash in Bank and on Hand. All bank deposits. Cash and checks in the safe or till. 
Cash in transit between offices. Petty cash funds. 
3.—Trade Accounts Receivable. Open book accounts arising only through sale of mer- 
chandise. 
4.—Bad Accounts. An adequate estimate of the amount of probable uncollectible ac- 
counts included in 3. 
5.—Net Trade Accounts Receivable. Deduct 4 from 3. 
6.—Other Accounts Receivable. Open book accounts arising through any circumstances 
except sale of merchandise. Include no doubtful accounts. 
7.—Notes Receivable. All notes, trade acceptances, or bankers’ acceptances which the 
association holds in satisfaction of accounts due it, including any discounted. at the bank with 
the association’s endorsement. Enter notes of doubtful value separately under 12 or 13. 
8.—Discounted Notes. All notes or acceptances signed by others which the association 
has discounted bearing its endorsement. 
9.—Net Notes Receivable. Deduct 8 from 7. 
10.—Merchandise Inventory. All merchandise purchased for resale, whether paid for or 
not. Value at cost or market, whichever is lower. 
11.—Accrued Income. Any items of income accrued in favor of the association, such as 
interest accrued on notes receivable not yet due or on savings bank account, or rent accrued 
on property let to others. 
12-13.—Other Assets. Any other current assets (see 1) not otherwise provided for, such 
as temporary investments in certificates of indebtedness or other associations or other readily 
marketable securities, or goods in shipment for which payment has not yet been received. 
14.—Total Current Assets. Total of 2, 5, 6, 9, 10, 11, 12, and 13. 
15.—DeErerrep Cuarces. Includes all services which have not been received and supplies 
which have not been used up, but for which payment has been made in advance. 
16.—Supplies Inventory. Stationery, postage stamps, oil, gasoline and grease, waste, car- 
lining materials, sacks or containers, and other supplies not held for sale. 
17.—Prepaid Insurance. The share of insurance premiums paid proportionate to the share 
of time which the policies have yet to run. 
18-19.—Other Deferred Charges. Any other deferred charges to Operations (see 15) such 
as interest prepaid on notes payable. 
20.—Total Deferred Charges. ‘otal of 16, 17, 18 and 19, 
21.—DEFERRED ORGANIZATION EXPENSE. Expenses of organization or obtaining new mem- 
bers, the benefits of which will last over a long enough period to justify carrying the expenditure 
involved as an asset to be gradually written off as expense. 
22.—Investments in Companies. Permanent investments in securities of other companies 
whose business is related to your own, such as stock in a central association. If it represents a 
major share of the ownership of any other company, a similar balance sheet should be made out 
for each company so owned, and a consolidated balance sheet should be prepared. 
23.—Additional Assets. Any assets not classifiable under any of the other asset headings. 
List details. 
24.—Fixep Assets. Includes all assets of a relatively permanent and tangible nature. 
25.—Office Equipment. The cost value, including freight or truckage and installation ex- 
pense, of any movable office equipment owned, such as safe, desk, chairs, typewriters, and cal- 
culating machines. 
26.—Depreciation. A liberal deduction for loss in value due to wear and tear. 
27.—Net Office Equipment. Deduct 26 from 25. 
28.—Delivery Equipment. Cost value of autos, horses and wagons, and accessories owned 
and used for delivery purposes. 
29.—Depreciation. See 26. 
30.—Net Delivery Equipment. Deduct 29 from 28. 


Vag) ae 
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31.—Warehouse Equipment. Cost value, including transportation charges and installation 
expense, of warehouse equipment owned, such as trucks, scales, and machinery of various kinds. 
32.—Depreciation. See 26. 
33.—Net Warehouse Equipment. Deduct 32 from 31. 
34.—Buildings. Cost of all buildings owned for whatever purpose used. 
33.—Depreciation. See 26. 
36.—Net Value Buildings. Deduct 35 from 34. 
37.—Land. Cost of all land owned. 
38.—Total Fixed Assets. Total of 27, 30, 33, 36, and 37. 
39.—Total Assets. Total of 14, 20, 21, 22, 23, and 38. In the column for percentages 
show what percentage each of these items is of the total, which equals 100 percent; this is to 
help to show how the association’s money is invested in assets. 
LIABILITIES 
1.—Current Liasimities. This includes all short term liabilities which become due 
within one year. 
2.—Accounts Payable. Debts of the association which are represented only by open book 
accounts for merchandise purhased for resale. 
3.—WNotes to Creditors. Notes signed by the association or drafts accepted by the asso- 
ciation in payment for goods purchased for resale. 
4.—Unsecyred Bank Notes. Notes signed by the association and given to banks for bor- 
rowings, not secured by collateral. 
5.—Collateral Bank Notes. Notes signed by the association and given to banks for bor- 
rowings, secured by demand notes of members received by the association for that purpose. In 
the footnote indicated by the dagger (+) state the total face value of such demand notes of 
members held for that purpose, whether actually so used at present or not. 
6.—Accrued Interest. Liabilities to the holders of the association’s interest-bearing notes 
or mortgages on account of interest accrued but not yet payable. 
7.—Taxes Accrued. An estimate of the amount of income or other taxes which is charge- 
able to the operations of the period ending at the date of this balance sheet. 
8-13.—Other Liabilities. Any other current liabilities (see 1) such as wages earned but not 
paid, dividends declared, or interest accrued on Certificates of Indebtedness. 
14.—Total Liabilities. ‘Total of 2 to 13, 
15.—Frxep Liasrities. Includes liabilities of duration of more than one year to others 
than members, 
16.—Mortgages. Mortgages on real estate or other property owned by the association. 
17.—Unsecured Loans. Long term borrowings not secured by mortgages. 
18.—Other Liabilities. Any other fixed liability (see 15). 
19.—Total Fixed Liabilities. Total of 16, 17, and 18. 
20.—MEMBERSHIP LiaBiLitics. Includes all capital represented by long term obligations 
to members. 
21.—Certificates of Indebtedness. Face value of Certificates of Indebtedness issued to 
members and outstanding. 
22.—Certificates Unissued. Amount deducted from accounts due members for which 
Certificates of Indebtedness are to be issued. 
23.—Certificates of Interest. Face value of Certificates of Interest issued to members and 
outstanding. 
24,—Other Liabilities. Any other membership liabilities (see 20). 
25.—Total Membership Liabilities. Total of 21, 22, 23, and 24. 
26.—NeEr WortH. The owners’ share in the assets of the association over and above any 
interest in the assets represented by Certificates of Indebtedness or Certificates of Interest. 
27.—Preferred Stock. Par value of preferred capital stock issued and outstanding. 
28.—Common Stock. Par value of common capital stock issued and outstanding. 
29.—Contingency Reserve. The amount of capital reserved to cover any extraordinary 
losses not due to the ordinary operations of the association. 
30.—Other Items. Any other items of net worth (see 26) not enumerated. 
31.—Surplus. Unapportioned income which may be divided later. 
32.—Total Net Worth. ‘Total of 27, 28, 29, 30, and 31. 
33.—Total Liabilities and Capital. Total of 14, 19, 25, and 32. If all entries have been 
properly made, this total should equal 39 on the assets side. In the column for percentages show 
what percentage each of these items is of the total, which equals 100 percent; this is to show 
the sources of capital used by the association. 
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SUGGESTED BALANCE SHEET* 
ASSETS 
1. CURRENT ASSETS: 
Wy, (Ce tan \abale incl von Ine noes ne Seas 
3. Accounts Receivable, Trade................- Cauca eas 
4. Less Allowance for Bad Accounts.....\....... 
D. Net Trade Accounts Receivable....................-- 
6. Accounts Receivable, Other.__._.__.__.. 8 ¢ pate on Tas eed 
JamNotesmReceivables ss = ee eee | eaters F 
8. Less Notes Receivable Discounted....1....... 
9. Notesmixeceivable Ne tess aeaeeere sane aeaaee amn 
NOesiVierchandiseme inventor yee eee 
chee Nc erued mln com es... eee a ee eee 
[Ae Net oe REMC LAR OR Tee OF MM RCRON ORS CPE Scr a itch to 
VS immerse tear ite Peaticsae tae varsg it in Aum ena NOt rarey ere ane eae 
14. Total Current Assets 
15. DEFERRED CHARGES TO OPERATIONS: 
[Gees pp lies ebnwemt ory aes eee ee meee 
We insurance (Prepaid => 22 seen ee ee ee 
OS gts ie peice SRE CECe RTE. Cee Meee EIS a Sir eg 
[ORE tee aerial: Seetten ns caste eats Tponseaee eth ee REL ne ee 
20. Total Deferred Charges to Operations 
21. DEFERRED ORGANIZATION EXPENSE..........__| 
22. INVESTMENTS IN RELATED COMPANIES... 
Fae Poe NL ir coh Te ORI SER ROE LE PR MORE pc TS ee is? 
2A ELA ED ASSES ae oer ee 
Zip ae ©) fi Cem Exc] Ulp rm cribs ee eeee eee | ee : 
26? Less Allowance for ead SEA eto 
if Offices Equipments Ne bees sense | 
2 Sse Delivery mi qt pire ntees ean Petre 
/I3 Less Allowance for aera : 
30. Deliveryacl quip ments Nc pase 
a1) Warehouse) Equipment... ee : 
Bie Less Allowance for Meter KS ce 
S)8). Warehouse Equipment, Net............ Fee 
Dae Balding | <a On yt oe 
bye Less Allowance for Depreciation |,+..5.. 
36. Buildings. Net, <2. tee a 
Bf Land? 20s ise8 22 ee oe 
38. Total Fixed Assets 
39. TOTAL ASSETS 
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LIABILITIES AND CAPITAL 


1. CURRENT LIABILITIES: 

BRN cqunta: tha vale sence cele ee ne ey 
3. Notes Payable to Trade Creditors......................... 
4. Notes Payable to Bank, Unsecured...................... 
5. Notes Payable to Bank, Collateral Demand Notesf 
Onpiinterest’ Expense Accrued...-...5.-2e-cecoo nce ncnccen 
VEE C SEA COTUCC = airtel t 
Gg dnc ehene Suet aegis Sedbis Sonera aeln SNe een ne ae 
Shon atk Os PRS he ee a PORE ET a alae nC ea 
Ws, py ait. ain ecg le EA RAO OAS © ey ARR i Ae Ae eS 
ibn Sonia la ev MSREE QGun cnet cr Aer ene a Son a en ee 
RM re ele Sieroter iareee tied cree, Goro eB echt d 
eR FON ee Bin ih oper ei ak Hen ak, a Re 
14. Total Current Liabilities 


15. FIXED LIABILITIES: 


16. Mortgages Payable So ose eee nena ce eae sea a stem saswenesssseen 
eee Unsecured Mong Derm Loavig- 2. 2-.-c-ce eet 
[NSO Sts aa ate teas fee eens Ate ee are a enn ve ae ee 
19% Total Fixed Liabilities 

20. MEMBERSHIP LIABILITIES: 

21. . Certificates of Indebtedness Issued___.__................ 
22. Deductions for Certificates Unissued._................. 
2a. Certificates, of Interest Issued. <2... --22c220nt2--coca-s. 
TBE le Abie Bt BO BUS OO LACCAPEE ICO RCAC CHER poor SCH RE 
25. Total Membership Liabilities 

26. NET WORTH: 

rie Capitala Stocks pe reterredas regen sone as 2 eene eee 
DE. (GaysyURNL SIGE (COS eet Wee eee eee eee 
ZOE Reserve fon Contingencies sc. 2222cst-02-sete-- eee eens 
Bs, aes des od Cae Sec Cnc Re aeRO OR Ae ee 
Sit Sin US Mee es te acest sacs Patan eee Sar eee ae ee ey 
32. Total Net Worth 


33. TOTAL LIABILITIES AND CAPITAL 
+Note.—Total Demand Notes of Members held $ 
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Suggested Operating Statement 


A suggested operating statement is given on pages 44 and 45 for cooperative 
producing and selling associations. This blank is the form prepared and used 
by the Department of Agricultural Economics of the New York State College 
of Agriculture at Cornell University, Ithaca, New York. 

The department gives the following explanation of the items listed on the 

' Operating statement: 


1.—Gross Sales Produce. Total sales of produce at billed price. 
2.—Allowances. Amount of allowances made to purchasers on account of damaged 
produce or other claims. = ae } 
3.—Icing and Freight. Cost of icing cars and freight to destination if paid by the 
association. 
4.—Ner Sares. Deduct the total of 2 and 3 from 1. 
5.—PayMENTS ro MempBers. The amount paid to members for the produce sold for 
them. Show in the space provided what percentage this item is of item 4. 
6.—Gross Marcin. Deduct 5 from 4. 
7.—Gross Sales Supplies. Total sales of merchandise at billed price. 
8.—Returns and Allowances. Amount of allowances made to purchasers on account of 
damaged goods or quanity purchases or goods returned. 
9.—Cash Discounts. Amount of discounts allowed to purchasers for prompt payment. 
10,—Ner Sares Suprries. Deduct the total of 8 and 9 from 7. 
11.—Inventory. Inventory of merchandise on hand at the beginning of the year, valued 
at cost or market price, whichever is lower. Do not include merchandise held on consignment. 
12.—Purchases. Billed cost of merchandise purchased during the year. 
13.—Transportation. Cost of getting merchandise purchased to the warehouse by freight, 
express, or hauling. 
14.—Gross Purchases. Total of 12 and 13. 
15.—Returns and Allowances. Amount of allowances received on purchases for damaged 
or returned goods. 
16.—Discounts Received. Amount of discounts received for prompt, payment on purchases 
of merchandise. 
17.—Net Cost Purchases. Deduct the total of 15 and 16 from 14. 
18.—Supplies Handled. Total of 11 and 17. 
19.—Final Inventory. Inventory and merchandise on hand at end of year, valued at cost 
or market price, whichever is lower. Do not include merchandise held on consignment. 
20.—Suppriss Sorp. Deduct 19 from 18. This is the net cost of the merchandise which 
has been sold during the year. Show in the space provided what percentage this item is of 
item 10. 
21.—Gross Marcin Supprizs. Deduct 20 from 10. 
22.—Torat Gross Marcin. ‘Total of 6 and 21. This is the margin allowed out, of which 
expenses must be paid, reserves set up, and working capital accumulated. 
23.—Manager’s Salary. Amount paid the manager for his services, exclusive of expenses 
(such as traveling) paid for him. 
24.—Labor Wages. Total amount paid for labor. 
25.—Office Salaries. Total amount paid for clerical work. 
26.—Unelassified Wage. Other wages and salaries. 
27.—Total for Employees. Total of 23, 24, 25, and 26. 
28.—Rent, ‘The amount paid as rent for all lands and buildings used by the association. 
29.—Depreciation. If the buildings are owned instead of rented, a liberal estimate of the 
decrease in value due to wear and tear during the year. 
30.—Repairs. The cost of all repairs to the buildings owned by the association; do not 
include additions or improvements in this item. 
31.—Insurance. The share of the premiums for fire and storm insurance on the buildings 


paid for the current year only; do not include premiums paid for insurance covering any 
other period. 


32.—Taxes. All taxes assessed or esti 
and buildings owned by the association. 


33.—Other Maintenance. Any other expense of maintaining the land and buildings of 
the association. 


mated to be assessed for the current year on land 


bal 


March, 1929) CoopeRaTivE Buyinc IN WEsT Va. 43 


34.—Real Estate Expense. The total of 28, 29, 30, 31, 32, and 33. 

35.—Equipment Depreciation. A liberal estimate for decrease in value of equipment, such 
as machinery. tools, and furniture. 

36.—Equipment Repairs. The cost of all repairs to the equipment; do not include ad- 
ditions or improvements in this item. 

37.—Supplies. The cost of all warehouse and loading supplies such as sacks and twine, 
lumber and paped for carlining, and bulkheads, used during the year, 

38.—Demurrage. Railroad charges for demurrage alone; do not include this in item 3 
as freight. 

39.—Inspection. Cost of inspecting produce at shipping or terminal points. If done by 
the employees of the association, their salaries and expenses. 

40.—Utilities. Cost of heating and power, and charges for water and lighting service. 

41.—Communication. Charges for telephone and telegraph service. 

42.—Office Supplies. Cost of all office supplies, such as stationery, twine, miscellaneous 
supplies, and postage, used during the period. 

43.—Bank Exchange. Charges for collection of drafts and out-of-town checks. Do not 
include interest on borrowed capital which should go under 49, or protest fees which should 
be entered separately. 

44.—Travel. Total expenses of employees when traveling in the interest of the association. 

45.—Fees. Amount of commission and brokerage fees paid by the association for hand- 
ling the sale of its produce. 

46.—Bad Accounts. Amount of accounts receivable uncollectible or estimated to be 
uncollectible. 

47.—Legal Expense. Amount paid for legal advice and services. 

48. Licenses. Taxes on personal property or on the association, and license fees paid 
to the state. 

49.—Interest. The amount of interest incurred for the use of borrowed capital duging 
the year. 

50, 51, 52, 53.—Unclassified Expenses. Any other expenses incurred in the normal 
operations of the business, with the larger items stated separately. 

54.—Total Office and General Expense. Total of 35 to 53, inclusive. 

55.—ToraL OpEerRATING Expense. Total of 27, 34, and 54. 

56.—NeEtT OprraTING Income. Deduct 55 from 22. This is the net amount due to 
members after deducting the cost of the merchandise, all operating expenses, and the amount 
already paid to members. 

57.—Membership Fees. Amount paid the association by new members for the privilege of 
joining the association. 

58.—Annual Dues. Amount of annual dues paid the association by its members. 

59.—Interest Income. Interest earned on accounts or notes receivable or money loaned 
to others during the period. 

60.—Miscellaneous Income. Any other items of miscellaneous income to the association. 

61.—Total Other Incomes. Total of 57, 58, 59, and 60. 

62.—NeET INcomE For Disrripution. Total of 56 and 61. This is the net amount 
available to pay interest on Certificates of Indebtedness, dividends on stock or patronage 
basis, to provide a reserve for contingencies, or to be kept in the association as an operating 
fund represented by Certificates of Interest or Certificates of Indebtedness. 

63.—Accrued Interest. Interest accrued on Certificates of Indebtedness during the year. 

64.—Stock Dividends. Dividends declared on capital stock. 

65.—Patronage Dividends. Patronage dividend declared. 

66.—Reserve. Amount set up as a reserve for unexpected losses which are not part of 
the regular operating expenss of the association. 

67.—Certificates of Indebtedness. The face value of Certificates of Indebtedness issued 
against deductions from payments to members on this year’s business, and the amount of 
deductions against which Certificates will later be issued. 

68.—Certificates of Interest. The face value of Certificates of Interest issued against the 
income from the business of the current year. 

69.—Total Distributed Income. Total of 63 to 68, inclusive. 

70.—Undivided Surplus. Deduct 69 from 62. This is the amount, to be carried over to 
be distributed during the following year. 

In the column for percentages enter the percentage which each item is of the total 


of items 4 and 10. 
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WEST VIRGINIA COOPERATIVE MARKETING ACT OF 1923 


A BILL to amend and re-enact chapter one hundred and twenty-one of the acts of the 
legislature of one thousand nine hundred and twenty-one, regular session all relating to the 
authorization and the formation of non-profit, cooperative associations, with or without capital 
stock, for the purpose of encouraging the orderly marketing of agricultural products through 
cooperation defining the various terms used therein; enumerating the activities and powers 
‘of such an association; prescribing the rights and privileges of membership; providing for 
articles of incorporation, declaring what they shall contain, manner of executing and filing, 
method of amending same; providing for by-laws and what they may contain; providing for 
method of election of directors, filling of vacancies, powers and duties of directors, division 
into election districts, appointment of executive committees, and allotment of functions and 
powers; providing for officers, qualifications, election and function; regulating issuance of 
membership certificates of stock and payment thereof; limiting personal liability of members 
for debts of association; regulating voting power of members and stock holders; authorizing 
issuance of preferred stock, with or without right to vote, and the retirement thereof; providing 
for removal of officers and directors; providing for referendum to members; providing for a 
marketing contract, and prescribing remedies for breach of contract, including liquidated 
damages, fees, and all costs; authorizing injuction and general equitable remedies in the event 
of breach of agreement; stating presumption of control of products by landlords who have 
signed marketing agreements; providing for annual reports; providing that no provision of law in 
conflict with this act shall be construed as applying to such associations; providing that legal 
exemption of agricultural products in the possession of producers shall apply to such products 
in possession of, or under the control of, such associations; limiting the use of the word 
“cooperative” in names for producers, cooperative marketing activities; and prescribing a 
penalty for violating such inhibition; permitting associations to organize other corporations 
or to own stock in other corporations; providing for agreements with other cooperative 
associations in this or other states and stating the purposes or reasons therefor; providing that 
associations heretofore organized may re-organize hereunder; providing for similar rights- and 
remedies for cooperative associations organized under generally similar laws in other states; 
making it a misdemeander to induce a member to breach his marketing contract with the 
association, or spread false reports about it and prescribing a fine for each offense; making 
such offender liable to the association for a prescribed penalty therefor in a civil suit; providing 
liability to the association in a penal sum in certain cases for any person who knowingly 
solicits, persuades, or permits any member of the association to breach his marketing contract; 
authorizing an injuction against such warehouseman; and providing for payment of all fees 
and costs; and setting out the reasons for such provisions; providing that no such association 
shall be deemed a conspiracy or an illegal combination or monopoly; providing that marketing 
contracts shall not be considered illegal; providing that if any section of this act shall be 
declared unconstitutional, the remainder of the act shall not be thereby affected; providing 
that the general corporation laws of this state shall apply to such associations, except where 
inconsistent with express provisions hereof; providing for annual license fees; providing fees for 
filing articles of incorporation and amendments thereto; providing that this act may be here- 
after indexed and cited as “The Cooperative Marketing Act;” and declaring an emergency 
to exist. 

Be it enacted by the Legislature of West Virginia: 


That chapter one hundred and twenty-one of the acts of the legislature of one thousand 
nine hundred and twenty-one be amended and re-enacted to read as follows: 


Declaration of Policy 


SEcTION 1. In order to promote, foster, and encourage the intelligent and orderly marketing 
of agricultural products through cooperation; to eliminate speculation and waste; to make the 
distribution of agricultural products between producer and consumer as direct as can be 
efficiently done; to stabilize the marketing of agriculture products; and to provide for the 


organization and incorporation of cooperative marketing associations for the marketing of such 
products, this act is passed. 


Definitions as Used in This Act 


SECTION 2. (a) The term “agricultural products” shall include horticultural, viticultural, 
forestry, dairy, livestock, bee, and any other farm products. 
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re 2 ats . ; 

(b) The term “member” shall include actual members of associations without capital 
stock and holders of common stock in associations organized with capital stock. 

(c) The term “association” means any corporation organized under this act;and 

(d) the term “person” shall include individuals, firms, partnerships, corporations, and 
associations. 

Associations organized hereunder shall be deemed “non-profit,” inasmuch as they are not 
organized to make profit for themselves, as such, or for their members, as such but only for 
their members as producers. 

(e) For the purposes of brevity and convenience this act may be indexed, referred to 
and cited as “The Cooperative Marketing Act.” 


Who May Organize 


SECTION 3. Eleven or more persons, a majority of whom are residents of this state, 
engaged in the production of agricultural products, may form a non-profit, cooperation 
association, with or without capital stock, under the provisions of this act. 

Purposes 

SECTION 4. An association may be organized to engage in any activity in connection 
with the marketing or selling of the agricultural products of its members, or with the harvesting, 
preserving, drying, processing, canning, packing, grading, storing, handling, shipping, or 
utilization thereof, or the manufacturing or marketing of the by-products thereof, or in 
connection with the manufacturing, selling, or supplying to its members of machinery, 
equipment, or supplies; or in the financing of the foregoing enumerated activities; or in any 
one or more of the activities specified herein. 


Preliminary Investigation 


SEcTION 5. Every group of persons contemplating the organization of an association under 
this act is urged to communicate with the Dean of the College of Agriculture, West Virginia 
University, at Morgantown, who will inform them whatever a survey of the marketing con- 
ditions affecting the commodities proposed to be handled may indicate regarding probable success. 

It is here recognized that agriculture is characterized by individual production in contrast 
to the group or factory system that characterizes other forms of industrial production; and 
that the ordinary form of corporate organization permits industrial groups to combine for 
the purpose of group production and the ensuing group marketing and that the public has 
an interest in permitting farmers to bring their industry to the high degree of efficiency and 
merchandising skill evidenced in the manufacturing industries; and that the public interest 
urgently needs to prevent the migration from the farm to the city in order to keep up farm 
production and to preserve the agricultural supply of the nation; and that the public- 
interest demands that the farmer be encouraged to attain a superior and more direct system 
of marketing in the substitution of merchandising for the blind, unscientific, and speculative 
selling of crops; and that for this purpose, the farmers should obtain special guidance and 
instructive data from the Dean of the College of Agriculture, West Virginia University, 
Morgantown. 


Powers 


SecTIoN 6. Each association incorporated under this act shall have the following powers: 

(a) To engage in any activity in connection with the marketing, selling, preserving, 
harvesting, drying, processing, manufacturing, canning, packing, grading, storing, handling, or 
utilization of any agricultural products produced or delivered to it by its members, or the 
manufacturing or marketing of the by-products thereof; or any activity in connection with 
the purchase, hiring or use by its members of supplies, machinery or equipment; or in the 
financing of any such activities; or in any one or more of the activities specified in this, 
section. No association, however, shall handle the agricultural products of any non-member, 
except for storage. 

(b) To borrow money without limitation as to amount of corporate indebtedness or 
liability; and to make advance payments and advances to members. ; 

(c) To act as the agent or representative of any member or members in any of the 
foregoing mentioned activities. 

(d) To purchase or otherwise acquire, and to hold, own, and exercise all rights of 
ownership, in, and to sell, transfer, or pledge, or guarantce the payment of dividends or 
interest on, or the retirement or redemption of, shares of the capital stock or bonds of any 
corporation or association engaged in any related activity or in the warehousing or handling 
or marketing of any of the products handled by the association. 
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(e) To establish reserves and to invest the funds thereof in bonds or n such other 
property as may be provided in the by-laws. 

(£) To buy, hold, and exercise all privileges of ownership, over real or personal property 
as may be necessary or convenient for the conduct and operation of any of the business of the 
association, or incidental thereto. 

(g) To establish, obtain, own, and develop patents, trademarks, and copyrights. 

: (h) To do each and every thing necessary, suitable, or proper.for the accomplishment 
of any one of the purposes or the attainment cf any one or more of the subjects herein’ 
enumerated, or conducive to or expedient for the interest or benefit of the association, and to 
contract accordingly; and in addition to exercise and possess all powers, rights, and privileges 
necessary or incidental to the purposes for which the association is organized or to the 
activities in which it is engaged; and in addition, any other rights, powers, and_ privileges 
granted by the laws of this state to ordinary corporations, except such as are inconsistent with 
the express provisions of this act; and to do any such thing anywhere. 


Members 


Section 7. (a) Under the terms and conditions prescribed in the by-laws adopted by 
it, an association may admit as members, (or issue common stock to), only persons engaged in 
the production of the agricultural products to be handled by or through the association, 
including the lessees and tenants of land used for the production of such products and any 
lessors and landlords who receive as rent all or any part of the crop raised on the leased 
premises. 

(b) If a member of a non-stock association be other than a natural person, such member 
may be represented by any individual, associate, officer, or manager or member thereof, duly 
authorized in writing. 

(c) One association organized hereunder may become a member or stockholder of any 
other association or associations organized hereunder. 


Articles of Incorporation 


Section 8. Each association formed under this act must prepare and file articles of in- 
corporation, setting forth: 

(a) The name of the association. 

(b) The purposes for which it is formed. 

(c) The place where its principlal business will be transacted. 

(d) The term for which it is to exist, not exceeding fifty years. 

(e) The number of directors thereof, which must be not less than five and may be any 
number in excess thereof; the terms of office of such directors; and the names and addresses 
of those who are to serve as incorporation directors for the first term, or until the election 
and qualification of their successors. 


(f) If organized without capital stock, whether the property rights and interest of each 
member shall be equal or unequal; and if unequal, the general rule or rules applicable to 
all members by which the property rights and interests, respectively, of each member may and 
shall be determined and fixed; and provision for the admission of new members who shall be 
entitled to share in the property of the association with the old members, in accordance with 
such general rule or rules. This provision or paragraph of the articles of incorporation shall not 


be altered, amended, or repealed except by the written consent or vote of three-fourths of 
the members, 


(g) If organized with capital stock, the amount of such stock and the number of shares 
into which it is divided and the par value thereof. 


The capital stock may be divided into preferred and common stock. If so divided, the 
articles of incorporation must contain a statement of the number of shares of stock to which 
preference is granted and the number of shares of stock to which no preference is granted 
and the nature and definite extent of the preference and privileges granted to each. 


The articles must be subscribed by the incorporators and acknowledged by one of them 
before an officer authorized by the law of the state to take and certify acknowledgements 
of deeds and conveyances; and shall be filed in accordance with the provisions of the general 
corporation law of this state; and when so filed, the said articles of incorporation, or certified 
copies thereof, shall be received in all the courts of this state and other places as prima facie 
evidence of the facts contained therein and of the due incorporation of such association. A 
certified copy of the articles of incorporation shall also be filed with the Dean of the College 
of Agriculture, West Virginia University, Morgantown, West Virginia. 
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Amendments to Articles of Incorporation 
Section 9. The articles of incorporation may be altered or amended at any regular meeting 
or any special meeting called for that purpose. An amendment must first be approved by 
two-thirds of the directors and then adopted by a vote representing a majority of all the 
members of the association. Amendments to the articles of incorporation, when so adopted, 
shall be filed in accordance with the provisions of the general corporation law of this state. 


By-Laws 


SECTION 10. Each association=mecorpcrated under this act must, within thirty days after 
its incorporation, adopt for its government and management, a code of by-laws, not incon- 
sistent with the powers granted by this act. A majority vote of the members or stockholders, 
or their written assent, is necessary to adopt such by-laws. Each association, under its by-laws, 
may provide for any or all of the following matters: 

(a) The time, place, and manner of calling and conducting its meetings. 

(b) The number of stockholders or members constituting a quorum. 

(c) The right of members or stockholders to vote by proxy or by mail or both; and the 
conditions, n.anner, form, and effects of such votes. 

(d) The number of directors constituting a quorum. 

(e) The qualifications, compensation. and duties and term of office of directors and 
officers; time of their election and the mode and manner of giving notice thereof. 

(£) Penalties for violation of the by-laws. 

(g) The amount of entrance, organization, and membership fees, if any; the manner and 
method of collection of the same; and the purposes for which the may be used. 

(h) The amount which each member or stockholder shall be required to pay annually or 
from time to time, if at all, to carry on the business of the association; the charge, if any, 
to be paid by each member or stockholder for services rendered by the association to him and 
the time of payment and the manner of collection; and the marketing contract between the 
association and its members or stockholders which every member or stockholder may be 
required to sign. 

(i) The number and qualifications of members or stockholders of the association and the 
conditions precedent to membership or ownership of common stock; the method, time, and 
manner of permitting members to withdraw or the holders of common stock to transfer their 
stock; the manner of assignment and transfer of the interest of members and of the shares of 
common stock; the conditions upon which and time when membership of any member shall 
cease; the automatic suspension of the rights of a member when he ceases to be eligible to 
membership in the association; and the mode, manner, and effect of the expulsion of a member; 
the manner of determining the value of a member’s interest and provision for its purchase by 
the association upon the death or withdrawl of a member or stockholder, or upon the expulsion 
of a member or forfeiture of his membership, or, at the option of the association, the purchase 
at a price fixed by conclusive appraisal by the board of directors. In case of the withdrawal 
or expulsion of a member, the board of directors shall equitably and conclusively appraise his 
property interests in the association and shall fix the amount thereof in money, which shall be 
paid to him within one year after such expulsion or withdrawal. 

General and Special] Meetings—How Called 

SECTION 11. In its by-laws, each association shall provide for one or more regular meetings 
annually. The board of directors shall have the right to call a special meeting at any time; 
and ten percent of the members or stockholders may file a petition stating the specific business 
to be brought before the association and demand a special meeting at any time. Such meeting 
must thereupon be called by the directors. Notice of all meetings, together with a statement 
of the purposes thereof, shall be mailed to each member at Jeast ten days prior to the meeting; 
provided, however, that the by-laws may require instead that such notice may be given by 
publication in a newspaper of general circulation, published at the principal place of business 
of the association. 


Directors—Election 


SECTION 12. The affairs of the association shall be managed by a board of not less than 
five directors, elected by the members or stockholders from their own number. The by-laws may 
provide that the territory in which the association has members shall be divided into districts 
and that the directors shall be elected according to such districts, either directly or by district 
delegates elected by the members in that district. In such a case the by-laws shall specify the 
number of directors to be elected by each district, the manner and the method of reapportion- 
ing the directors and of redistricting the territory covered by the association. The by-laws 
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may provide that primary elections shall be held in each district to elect. the directors 
apportioned to such districts and that the results of all such primary elections may be ratified 
by the next regular meeting of the association or may be considered final as to the association. 
The by-laws may provide that one or more directors may be appointed by any public official 
or commission or by the other directors selected by the members or their delegates. Such; 
directors shall represent primarily the interest of the general public in such associations. The 
directors so appointed need not be members or stockholders of the association; but shall have the 
‘same powers and rights as other directors. Such directors shall not number more than one-fifth 
of the entire number of directors. 

An association may provide a fair remuneration for the time actually spent by its officers 
and directors in its service and for the service of the members of its executive committee. 
No director, during the term of his office, shall be a party to a contract tor profit. with the 
association differing in any way from the business relations accorded regular members or 
holders of common stock of the association or other, or differing from terms generally current 
in that, district. 

The by-laws may provide that no director shall occupy any position in the association, 
except the president and secretary on regular salary or substantially full time pay. 

The by-laws may provide for an executive committee and may allot, to such committee all 
the functions and powers of the board of directors, subject to the general direction and control 
of the board. 

When a vacancy on the board of directors occurs other than by expiration of term, the 
remaining members of the board, by a majority vote, shall fill the vacancy, unless the by-laws 
provide for an election of directors by districts. In such a case, the board of directors shall 
immediately call a special meeting of the members or stockholders in that district to All the 
vacancy. 


Election of Officers 


SecTION 13. The directors shall elect from their number a president and one or more 
vice-presidents. They shall also elect a secretary and a treasurer, who need not be directors or 
members of the association; and they may combine the two latter offices and desigate the 
combined office as secretary-treasurer; or unite both functions and titles in one person. The 
treasurer may be a bank or any depository, and as such, shall not be considered as an officer, 
but as a function of the board of directors. In such case, the secretary shall perform the 
usual accounting duties of the treasurer, excepting that the funds shall be deposited only as 
and where authorized by the board of directors. 


Officers, Employees, and Agents to Be Bonded 


SEecTION 14. Every officer, employee and agent handling funds or negotiable instruments 
or property of or for any association created hereunder shall be required to execute and deliver 
adequate bonds for the faithful performance of his duties and obligations. 


Stock—Membership Certificates—When Issued—V oting—Liability 
Limitations on Transfer and Ownership 

SECTION 15. When a member of an association established without capital stock has paid 
his membership fee in full, he shall receive a certificate of membership. 

No association shall issue stock to a member until it has been fully paid for. The 
promissory notes of the members may be accepted by the association as full or partial payment. 
The association shall hold the stock as security for the payment of the note; but such re- 
tention as security shall not effect the member’s right to vote. 

No member shall be liable for the debts of the association to an amount exceeding the 
sum remaining upaid on his membership fee or his subscription to the capital stock including 
any unpaid balance on any promissory notes given in payment thereof. 

No stockholder of a cooperative association shall own more than one-twentieth of the 
common stock of the association; and an association, in its by-laws, may limit the amount of 


common stock which one member may own to any amount less than one-twentieth of the 
common stock. 


No member or stockholder shall be entitled to more than one vote 
number of shares of common stock owned by him. 
Any association organized with the stock under this act may issue preferred stock, with 
or without the right to vote. Such stock may be sold to any person, member or goutem bes 
and may be redeemable or retireable by the association on such terms and conditions as ints 


regardless of the 
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be provided for by the articles of incorporation and printed on the face of the certificate. 
The by-laws shall prohibit the transfer of the common stock of the association to persons not 
engaged in the production of agricultural products handled by the association; and such 
restrictions must be printed upon every certificate of stock subject thereto. 

The association may, at any time, as specified in the by-laws, except when the debts of the 
association exceed fifty percent of the assets thereof, buy in or purchase its common stock at 
the book value thereof, as conclusively determined by the board of directors, and pay for it 
in cash within one year thereafter. 


Removal of Officers or Directors 


SECTION 16. Any member may bring charges against an officer or director by filing them 
in writing with the secretary of the association, together with a petition signed by five percent 
of the members, requesting the removal of the officer or director in question. The removal 
shall be voted upon at the next regular or special meeting of the association and, by a vote 
of a majority of the members, the association may remove the officer or director and fill the 
vacancy. The director or officer, against whom such charges have been brought shall be informed 
in writing of the charges previous to the meeting and shall have an opportunity at the meeting 
to be heard in person or by counsel and to present witnesses; and the person or persons bringing 
the charges against him shall have the same opportunity. 

In case the by-laws provide for election of directors by districts with primary elections 
in each district, then the petition for removal of a director must be signed by twenty percent 
of the members residing in the district from which he was elected. The board of directors 
must call a special meeting of the members residing in that district to consider the removal 
of the directors; and by a vote of the majority of the members of that district, the director 
in question shall be removed from office. 


Referendum 


SEcTION 17. Upon demand of one-third of the entire board of directors, made immediately 
and so recorded, at the same meeting at which the original motion was passed, any matter of 
policy that has been approved or passed by the board must be referred to the entire membership 
or the stockholders for decision at the next special or regular meeting; and a special meeting 
may be called for the purpose. 


Marketing Contract 


SEcTION 18. The association and its members may take and execute marketing contracts, 
requiring the members to sell, for any period of time, not over ten years, all or any specified 
part of their agricultural products or specified commodities exclusively to or through the 
association, or any facilities to be created by the association. If they contract a sale to the 
association, it shall be conclusively held that title to the products passes absolutely and un- 
reservedly, except for recorded liens, to the association upon delivery; or at any other specified 
time if expressly and definitely agreed in the said contract. The contract may provide, among 
other things, that the association may sell or resell the products delivered by its members, with 
or without taking title thereto; and pay over to its members the re-sale price, after deducting 
all necessary selling, overhead, and other costs and expenses, including interest or dividends on 
stock, not exceeding eight percent per annum, and reserves for retiring the stock, if any; and 
other proper re-serves; or any other deductions. 


Remedies for Breach of Contract 


SECTION 19. (a) The by-laws or the marketing contract may fix, as liquidated damages, 
specific sums to be paid by the members or stockholders to the association upon the breach 
by him of any provision of the marketing contract regarding the sale or delivery or withholding 
of products; and may further provide that the member will pay all costs, premiums for bonds, 
expenses and fees, in case any action in which it shall prevail, brought upon the contract by 
the association; and any such provisions shall be valid and enforceable in the courts of this 
state; and such clauses providing for liquidated damages shall be enforceable as such and shall 
not be regarded as penalties. 

(b) In the event of any such breach or threatened breach of such marketing contract 
by a member, the association shall be entitled to an injunction to prevent the further breach 
of the contract and to a decree of specific performance thereof. Pending the adjudication of 
such an action and upon filing a verified complaint showing the breach or threatened breach, 
and upon filing a sufficient bond, the association may be entitled to a temporary restraining 


order and preliminary injunction against the member. 
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(c) In any action upon such marketing agreement, it shall be presumed as between the 
parties that the landowner or landlord or lessor claiming therein so to be, is able to control the 
delivery of products produced on his land by tenants or others, whose tenancy or possession 
or work on such land or the terms of whose tenancy or possession or labor thereon were 
created or changed after execution by the landowner or landlord or lessor of such a marketing 
agreement; and in such actions, the foregoing remedies for non-delivery or breach shall lie 
- and be enforceable against such landowner, landlord, or lessor. 

Purchasing Business of Other Associations, Persons, Firms 
or Corporations—Payment—Stock Issued 

Srcrion 20. Whenever an association, organized hereunder with preferred capital stock, 
shall purchase the stock or any property, or any interest in any property of any person, firm 
or corporation or association, it may discharge the obligations so incurred, wholly or in part, 
by exchanging for the acquired interest, shares of its preferred capital stock to an amount 
which at par value would equal the fair market value of the stock or interest so purchased, 
as determined by the eleven members of the board of directors. In that case the transfer 


to the association of the stock or interest purchased shall be equivalent to payment in cash 
for the share of stock issued. 


Annual Reports 

SEcTION 21. Each association formed under this act shall prepare and make out an annual 
report on forms to be furnished by the Dean of the College of Agriculture, West Virginia 
University, Morgantown, containing the name of the association; its principal place of business; 
and a general statement of its business operations during the fiscal year, showing the amount 
of capital stock paid up and the number of stockholders of a stock association or the number 
of members and amount of membership fees received, if a non-stock association; the total 
expenses of operations; the amount of its indebtedness or liabilities, and its balance sheets. 


Conflicting Laws Not to Apply 

SECTION 22. Any provisions of law which are in conflict with this act shall be construed 
as not applying to the association herein provided for. 

Any exemptions whatsoever under any and all existing laws applying to agricultural 
products in the possession or under the control of the individual producer, shall apply 
similarly and completely to such products delivered by its former members, in the possession 
or under the control of the association. 


Limitation of the Use of Term ‘“‘Cooperative”’ 

SecTION 23. No person, firm, corporation, or association, hereafter organized applying 
to do business in this state as a farmers’ marketing association for the sale of farm products, 
shall be entitled to use the word “‘cooperative” as part. of its corporate or orther business name 
or title, unless it has complied with the provisions of this act. 


Interest in Other Corporations or Associations 

SECTION 24. An association may organize, form, operate, own, control, have interest in, own 
stock of, or be a member of any other corporation” or corporations, with or without capital 
stock, and engage in preserving, drying, processing, canning, packing, storing, handling, 
shipping, utilizing, manufacturing, or selling of the agricultural products handled by the 
association, or the by-products thereof. 

If such corporations are warehousing corporations, they may issue legal warehouse receipts 
to the association against the commodities delivered by it, or to any other person and such legal 
warehouse receipts shall be considered as adequate collateral to the extent of the usual and 
current value of the commodity represented thereby. In case such warehouse is licensed 
or licensed and bonded under the laws of this or any other state or the United States ite 
warehouse receipt delivered to the association on commodities of the association or its feniters 
or delivered by the association or its members, shall not be challenged or discriminated Pane 
because of ownership or control, wholly or in part, by the association. 
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Contracts and Agreements With Other Associations 


SECTION 25. Any associati i i 
‘ a ation may, upon res i 

: y, up olution adopted by its board of directors, enter 
into all necessary and proper contracts and agreements and make all necessary and proper 
stipulations, agreements, contracts, and arrangements with any other cooperative corporation, 
association or associations, formed in this or in any other state, for the cooperative and more 
economical carrying on of its business or any part or parts thereof. Any two or more as- 
sociations may, by agreement, unite in employing and using or may separately employ and 
use the same personnel, methods, means, and agencies for carrying on and conducting their 
respective business. 


Rights and Remedies Apply to Similar Associations of Other States 
SECTION 26. Any corporation or association heretofore or hereafter organized under 
generally similar laws of another state shall be allowed to carry on any proper activities, 
operations and functions in this state upon compliance with the general regulations applicable 
to foreign corporations desiring to do business in this state and all contracts which could be 
made by any association incorporated hereunder, made by or with such associations shall be 
legal and valid and enforceable in this state with all of the remedies set forth in this act. 


Asseciations Heretofore Organized May Adopt the Provisions 


of This Act 


SECTION 27. Any corporation or association, organized in this state under previously existing 
statutes, may, by a majority vote of its stockholders or members, be brought under the 
provisions of this act by limiting its membership and adopting the other restrictions as provided 
herein. It shall make out in duplicate a statement signed and sworn to by its directors to 
the effect that the corporation or association has, by a majority vote of the stockholders or 
members, decided to accept the benefits and be bound by the provisions of this act and has 
authorized all changes accordingly. Articles of incorporation shall be filed as required in section 
eight, except that they shall be signed by the members of the then board of directors. The 
filing fee shall be the same as for filing an amendment to articles of incorporation. 

(a) Where any association may be incorporated under this act, all contracts heretofore 
made by or on behalf of some by the promoters thereof in anticipation of such associations 
becoming incorporated under the laws of this state, whether or not such contracts be made 
by or in the name of some corporation organized elsewhere, and when same would have been 
yalid if entered into subsequent to the passage of this act are hereby validated as if made after 
the passage of this act. 


Misdeameanor to Spread False Reports About the Finances 
or Management of Cooperative Associations 
SEcTION 28. Any person or persons or any corporation whose officers maliciously and 


knowingly spread false reports about the finances or management or activity of any cooperative 
association, shall be guilty of a misdemeanor and be subject to a fine of not less than one 
hundred dollars and not more than one thousand dollars for each such offense; and shall be 
liable to the association aggrieved in a civil action for damages therefor. 

Warehousemen Liable for Damages for Encouraging or Permitting 


Delivery of Products in Violation of Marketing Agreements 
SECTION 29. Any person, firm, or corporation conducting a warehouse within this state 


who silicits, persuades, or permits any member of any association organized hereunder to breach 
his marketing contract with the association by accepting or receiving such member’s products 
for sale or for auction or for display for sale, contrary to the terms of any marketing agreement 
of which said person or any member of the said firm or any active officer or manager of the said 
corporation has knowledge or notice, shall be liable to the association aggrieved in a civil suit 
for damages therefor, courts of equity shall have jurisdiction to enjoin further breaches of 


such contracts. 
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Associations Are Not in Restraint of Trade 
SEcTION 30. No association organized hereunder and complying with the terms hereof 
shall be deemed to be a conspiracy or a combination in restraint of trade or an illegal monopoly; 
or an attempt to lessen competition or to fix prices arbitrarily nor shall the marketing contracts 
and agreements between the association and its members or any agreements authorized in this 


_act be considered illegal as such or in unlawful restraint of trade or as part of a conspiracy or 
combination to accomplish an improper or illegal purpose. 


Constitutionality 
SEcTION 31. If any section of this act. shall be declared unconstitutional for any reason, 
the remainder of this act shall not be affected thereby. 


Application of General Corporation Laws 
SEcTION 32. The provisions of the general corporation laws of this state and all powers 
and rights thereunder, shall apply to the associations organized hereunder, except where such 
provisions are in conflict with or inconsistent with the express provisions of this act. 


QAI N_D 


Numerous modifications and changes in the foregoing Act 
have been recommended by the Codification Commission, some of 
which at least will likely be passed by the Legislature at its next 
session and become effective in due time. The Act as given 
herein, however, was in force at the time this bulletin was printed. 
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Secretary Hyde on Farm Relief 


The following paragraphs are taken from an address by Arthur M. Hyde, Secretary of 
Agriculture, on July 4, 1929 just after the creation by Congress of the Farm Board, before 
the National Education Association at Atlanta, Georgia. 


“One general answer to farm problems is organixation—or ganization 
to control marketing, to standardize output, to eliminate the waste and 
duplication of a marketing and distributing system which, generally 
speaking, absorbs two dollars for every one dollar it returns to the farmer. 
Thus the farmer can approximate the position of industry, or of other 
groups, By the long arm of his organization, the farmer can make him- 
self felt beyond his line fences and in the markets of the world. Through 
his organization, the farmer can get information as to commodity supplies, 
can bring his production within the limits of demand, can control the 
surplus problem by preventing it. By organization the farmer can take 
control of his own industry; reestablish the independence of his calling; 
win his own place in the sun of economic equality, and having won it, 
hold it against all the changing vicissitudes of the future. 

“To assist in the organization of agriculture; to take the problems of 
the various farm commodities out of the realm of politics and partisan 
bickering, and to meet them in the realm of economics; to set up am 
authoritative tribunal which shall study each separate problem, and afford 
leadership for agriculture in all its phases; and to do this, not by subsidy 
nor by governmental dabbling in business, but by helping the farmer to 
help himself through his own organizations—this is the aim and pur pose 
of the Farm Relief Bill. 

“The board does not buy or sell. It has no right to engage in business. 
Its job is to foster the organization of agriculture, to finance farmer-owned 
and farmer-controlled cooperatives, which may buy, sell, process, or store 
farm commodities. 

“The board serves in exactly the same capacity as a supervising 
architect serves the builder of a skyscraper or a bridge. The builder must 
provide the necessary funds, and a proper plan. The supervising archi- 
tect must find the answer to technical questions and see the job through. 
se #2 = * The plan is made; the funds provided; the board is ready to 
supervise the job. 

“Rome was not built in a day, nor will agriculture be emancipated 
over night. Much depends upon the character and ability of the men who 
compose the board. But much depends, too, upon the cooperative as- 
sociations which are already formed, or will hereafter, be formed. The 
board can not function on its own account. The initiative lies with the 
farm cooperative associations. 

“It is not an evasion of the responsibility, but a statement of fact to 
say that the success of the farm bill depends upon team work between 
the board and the farm cooperatives, in whose aid the legislation was 
designed and around whom it is built.” 


ys) 


Whether You <r 
“1 Buy or Sell 


Cooperation will help you to achieve greater prosperity and a 
more satisfying farm life. . 


As an individual farmer you must buy your needed supplies at 
the price set by others and sell your products at the price they offer. 


By working and planning with your neighbors you can buy in 
quanities large enough to attract competitive bids for your order, 


reduce transportation, storage, and handling costs, and get a better 
quality product. 


When you and your neighbors plan your production according to 
market demands, grade and standardize your products, and pool them, 
you have volume enough ard the quality desired to attract large 
buyers and command prices that will return a profit for your efforts. 


Opportunity Awaits You 


As a citizen of West Virginia you can avail yourself of the advantages offered 
through the following cooperative enterprises which are already functioning: 


West Virginia Farm Bureau Cooperative Association 
County Farm Bureau Warehouses and Car-Door Agencies 


West Virginia Cooperative Livestock Shippers Association and allied county 
organizations 


West Virginia Poultry Producers Cooperative Association 
West Virginia Wool Growers Association 

West Virginia Potato Growers Cooperative Association 

West Virginia Community Demonstration Apple Packing Plant 
Mountain State Home Industries Shops, Inc. 


In case these organizations do not meet the needs of 


your particular community 
or the problem that needs attention, g 


et in touch with your county agent. It is 
his job to help you solve your problems, and he has the backing of the College of 
Agriculture and the United States Department of Agriculture to help him do it. 


“Let Your College Serve You” 


COLLEGE OF AGRICULTURE 


W. Va. University 


Morgantown, W. Va. 
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Varieties of 


Fruits for West Virginia 
I. THE TREE FRUITS 


ig the planning of new orchards, the proper selection of varieties 

should always be given careful consideration, for this often de- 

termines the success or failure of the venture. Many instances might 

be given of failures in the orchard business due 

Select Varieties to choosing varieties of poor quality or those ill- 
That Are Adapted adapted to the purpose or to the locality. 

The varieties adapted to the region and lo- 
eality should be ascertained. For example, the McIntosh apple should 
not be planted in West Virginia, because when grown here it colors 
poorly, drops prematurely, and is only fair in quality. It thrives best 
in the Great Lakes Region and in New England. The Albemarle 
Pippin, though adapted to this general region, should be planted only 
in the Albemarle section of Virginia where soil and local climatic 
conditions are peculiarly suited to it. If possible, varieties of known 
adaptation should be considered first. Varieties untested in the gen- 
eral locality should not be planted extensively, particularly if they 
have a reputation for being sensitive to soil or climatic requirements. 

Today there are fewer varieties from which 
Fewer Varieties to choose, so the problem of selection is not as 
Are Being Grown difficult as it was twenty-five years ago when hun- 

dreds were being grown and hundreds described 
in pomological literature and in fruit catalogs. This trend toward 
fewer varieties is shown in the nursery catalogs. Thus, in a 1916 
catalog of a leading nursery, 50 varieties of apple, 30 of peach, 16 of 
pear, 20 of cherry, and 27 of plum are lsted, while in their 1927 
catalog the same nursery lists, only 30 varieties of apple, 19 of peach, 
15 of pear, 15 of cherry, and 19 of plum. 

The gradual decrease in the number of varieties grown has come 
with commercialization of the fruit industry. Standardization of va- 
rieties, along with standardization of grades and packages, has been 
necessary for the economical production and selling of fruit. The 
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peach industry has concentrated on the variety Elberta, and the pear 
industry on the Bartlett and Kieffer. The state of Washington has 
reduced its number of varieties of apples, from more than a hundred, 
to six, viz., Winesap, Jonathan, Delicious, Spitzenburg, Rome, and 
Stayman. These six varieties now constitute 90 percent of the state’s 
total shipments. Other states are following the example of Washing- 
ton. Asa result one finds today that twelve varieties represent nearly 
80 percent of the commercial apple crop of the United States. 
The variety problem is somewhat different 
Consider Markez for the grower who sells on a local market, and 
Possibilities needs a number of varieties which ripen in suc- 
cession in order to provide a constant supply for 
his customers throughout the season. He might also profit, however, 
by growing standard varieties, and concentrating on those that are 
the most profitable to the ecar-lot grower. If this is done, he has the 
advantage of being able to sell on the general market, in case his local 
market is over supplied. 

The varieties described in this bulletin are those that the writer 
has had under observation for a number of years. Leading fruit grow- 
ers of the state have also given their opinions of certain varieties. 
There are probably others that should be given a place here, but until 
firsthand knowledge is obtained it seems best to omit them. 


THE APPLE 


HE apple, the most cosmopolitan of fruits, is well adapted to all 
sections of West Virginia. It does not seem wise, however, to 
recommend the extensive planting of apple trees where the market 
is a general one. The apple industry at the pres- 


Guard Against ent time is suffering from over-production with 
Over-Production prospects that the situation will become worse as 


producing orchards increase in fruitfulness and 
as new ones come into bearing. The far-seeing orchardist, therefore, 
will not plant more trees, but instead will abandon those in his orchard 
which have little possibility of returning a profit due to unfavorable 
conditions, such as a poor site, wrong varieties, and many missing trees, 
and give better care to those that he knows, from their past perform- 
ance, are most likely to bring a profitable return. 
The conditions that exist where local marketing is possible are 
quite different. Undoubtedly, there is considerable room for expan- 
sion in the business of apple growing in many sections of the state, 
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particularly in those localities where there is extensive industrial de- 
velopment. Orchardists in such sections should study the loeal situa- 
tion carefully, however, before planning the establishment of new 
orchards. 


Varieties of Apples 


es of apples that are under test in the Experiment Sta- 

tion orchards at Morgantown include: Alexander,* Arkansas 
(Black Twig, Paragon),* Arkansas Black,* Bailey Sweet,* Baldwin,* 
Benoni, Ben Davis,* Bismark,* Black Ben, Champion, Chicago, Cort- 
land, Delicious,* Domine,* Early Harvest,* Early Melon,* Ensee, 
Esopus,* Fall Pippin,* Fall Rambo,* Fameuse (Snow),* Gano,* Gallia 
Beauty (Red Rome), Golden Delicious,* Golden Gate,* Golden Wine- 
sap,* Grimes,* Hubbardston,* Jonathan,* King David,* Maiden Blush,* 
Mann,* MelIntosh,* Mother,* Newtown (Albemarle Pippin) Northern 
Spy,* Northwestern Greening,* Oldenburg (Duchess),* Red Astra- 
chan,* Rhode Island Greening,* Romanite,* Rome,* Smokehouse,* 
Stark,* Stayman,* Summer Rambo,* Sweet Bough, Tolman,* Tomp- 
kins King,* Transparent,* Twenty-Ounce,* Wagner,* Wealthy,* West- 
field,* Williams,* Willow Twig, Winesap,* Winter Banana,* and York.* 
The varieties of crab apples under test are Hyslop,* Transcendent,* and 
Whitney.* Only the varieties that seem to be worthy of consideration 
in future plantings are described herein. They are considered in 
order of ripening, in so far as possible. 


Transparent (Yellow Transparent) 


HE Transparent variety is of Russian origin, being in an importa- 

tion of varieties made in 1870 by the United States Department of 
Agriculture. It is adapted to a wide range of conditions and is grown 
successfully in almost every apple growing section of the United 
States. It is perhaps our earliest commercial variety. 

The fruit is medium to small on slow growing mature trees, es- 
pecially if they are overloaded. The skin is tender and smooth with 
a thin, whitish bloom;t{ color is paie greenish yellow becoming nearly 
white when mature. Flesh is white, fine-grained, tender at maturity 
but becomes mealy when overripe. Flavor is sprightly subacid,£ more 

*Varieties in bearing upon which a report can be made. Other varieties were not 
old enough to bear at the time this report was prepared. 


+A delicate, white, somewhat powdery substance on the surface of the fruit. 
+A term that means slightly acid but not noticeably sour. 


6 W. Va. Acr’L EXPERIMENT STATION [BULLETIN 222 


mild when fully mature. The variety is an excellent one for culinary 
purposes. 

The trees bear at an early age—sometimes the second or third 
year after setting. Under good conditions crops are produced nearly 
every year. If overloading is permitted, a biennial bearing habit 
develops. With heavy production, thinning is generally necessary for 
size. Transparent is very susceptible to fire blight seemingly in all its 
forms. Blossom blight is very serious in some seasons. 

Tranparent is an excellent variety for both the home and gen- 
eral market. One should be careful, however, not to overplant with it 
as the demand is limited. While it can be kept in cold storage for a 
few weeks it generally comes in competition with much better varieties 
when taken out. 


Early Harvest 


HIS variety, supposedly of American origin, has been in cultiva- 
tion more than a hundred years. Nothing definite, however, is 
known of its origin. 

The fruit is usually medium to below medium in size. Skin is 
thin, tender, smooth, pale waxen yellow, sometimes slightly blushed. 
Flesh is white, fine, crisp, juicy, briskly subacid at first but becoming 
milder as the fruit matures, excellent for culinary purposes and later, 
when mature, agreeable for dessert. The color is such that bruises 
show readily. Its season is about the same as that of Transparent. 

The trees are medium in size, moderately vigorous, coming into 
pearing early, and yielding crops almost every year. The crop ripens 
unevenly which makes the variety undesirable for the general market. 

Karly Harvest has been planted to some extent in this state by 
growers catering to the local market where a dessert variety ripening 
with Transparent has been in demand. 


Oldenburg (Duchess) 


QO LDENBURG is also a Russian variety, having been imported to 

England from Russia in 1815 and later brought to New England 
by the Massachusetts Horticultural Society. It has been disseminated 
in some sections under the name of ‘‘Duchess’”’ or the full name of 
“Duchess of Oldenburg.’’ In general, it is adapted to the same range 
of territory as Transparent. It is considered by some as the most 
valuable Russian variety in cultivation in the United States. 
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The fruit is medium to large and uniform in size and shape. Skin 
is fairly thick, tender and smooth; color is greenish-yellow, attractively 
splashed and striped with red. Flesh is tinged with yellow, fine, crisp, 
tender, and juicy. Flavor is very sprightly subacid. The variety is 
excellent for culinary purposes. 

Oldenburg comes into bearing early and bears heavy biennial 
erops. The tree is vigorous while young but later becomes only a 
moderate grower. The fruit ripens unevenly, necessitating several 
pickings. Like Transparent it is very susceptible to fire blight. Thin- 
ning should be practised for both size and color. In the Station or- 
chard it has not colored as well or attained the size that the writer has 
seen in the northern apple sections. 

Oldenburg is an excellent variety to follow Transparent for the 
local market trade. As a commercial sort for the general market, it 
has not found much favor among West Virginia growers probably be- 
cause of the invariably overloaded condition of the market each year 
during its season of ripening. 


Williams (Williams Early Red) 


A UTHOUGH Willams is an old variety, its good qualities have not 

been recognized until recent years. It was discovered growing 
wild on the farm of Captain Benjamin Williams of Roxbury, Mass- 
achusetts, more than 150 years ago. 

Fruit is medium and under favorable conditions large in size. 
Skin is thick but not tough, smooth, light green covered with streaks 
and splashes of deep red. Flesh is greenish white sometimes tinged 
with red, firm, somewhat coarse and juicy at picking time, becoming 
more tender and eventually mealy when overripe. Flavor is a pleasant, 
mild, subacid one. Its firm flesh and fairly tough skin make it the best 
variety of its season for long shipment. It is most satisfactory for 
dessert. 

The tree is a rather slow grower and does better when top worked 
on a vigorous stock. A strong point in its favor is the fact that its 
season of bloom is long, extending over into the season of late bloom- 
ing varieties such as York and Rome. Fruit is very firm when ready 
to fall from the tree. Since it matures quite slowly after picking, it 
is exceptionally good for the early export market. It is comparatively 
free from fire blight. Some of its weak points are unevenness in ripen- 
ing and a tendency to drop before fully colored. 
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Williams has been rather extensively planted in recent years by 
West Virginia growers and also by growers for the general market all 
the way from New Jersey to South Carolina. Of course, the crop over 
this wide area will not all be marketed at the same time, still it would 
appear that when all these new plantings come into maximum pro- 
duction, prices will not be as attractive as they have been in the past. 
It must be remembered that certain qualities of this variety mitigate 
against over-production—it is an excellent shipper and probably the 
best keeper of its season. Certainly the variety can safely be recom- 
mended for the local market trade. 


Wealthy 


RANKING with Transparent in its ability to thrive over a wide 

range of territory is the Wealthy, a seedling grown by Peter M. 
Gideon, of Excelsior, Minnesota. The American Pomological Society 
reports it as sueceeding in twelve of the eighteen pomological dis- 
tricts of America. 

The fruit is medium to large when properly grown but is likely 
to run small on old trees, particularly, if they are heavily laden. Skin 
is thin, tough, and yellowish green in color, blushed and marked with 
narrow stripes and splashes of red. Flesh is whitish, crisp, and juicy, 
with an agreeable sprightly subacid flavor. For culinary purposes it 
is one of the best varieties of its season (late summer). When mature 
it is a fairly good dessert apple. 

The tree is moderately vigorous. It comes into bearing at an early 
age and generally produces annual crops, if not allowed to become 
overloaded. The variety is very susceptible to fire blight and cedar 
rust. 

Wealthy has become quite a favorite with West Virginia growers 
for supplying both the local and general market. In recent years, 
however, the variety has not been profitable on the general market 
because of increased competition from other varieties and because 
the supply has generally been greater than the demand. It is, how- 
ever, gaining in favor as an export variety, and still remains one of the 
popular varieties of its season for the local market. 


Maiden Blush 


AIDEN BLUSH is one of the best known and one of the most pop- 

ular varieties of its season. As early as 1817 the variety was in 

strong demand on the Philadelphia market and the best variety of its 
season for drying. 
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The fruit is medium in size, sometimes large, generally running 
very uniform in size and shape. Skin is thin, tough, pale waxen yellow 
with a bright pink blush. Flesh is white with a yellow tinge, fine, 
moderately crisp, tender, subacid. Its color is such that it shows 
bruises readily. Maiden Blush is particularly liked for culinary pur- 
poses as it cooks to a fine sauce. 

The tree has an open habit of growth, is moderately vigorous, 
and comes into bearing rather young. It generally bears moderate 
annual crops. The tree is quite susceptible to fire blight, and to apple 
seab and apple blotch. 

Maiden Blush has not become a popular commercial sort for the 
general market in this state. It is one of the best varieties of its 
season, however, for the local market and may be planted along with 
Wealthy for the late summer and early fall trade. The variety is not 
adapted for storage, as it loses quality rapidly after being picked. 


Mother 


HIS variety was described in 1848 as being ‘‘a new handsome late 


autumn and early winter apple of the highest qualty.’’ It origi- 
nated at Bolton, Massachusetts. Although an excellent dessert apple, 
it is but little known in West Virginia. 

The fruit is medium in size, sometimes large. Skin is rather thick 
and tough, waxy, golden yellow, nearly covered with bright deep red 
marbled and striped with carmine. Russet dots and a heavy scarf skin 
give it a rough appearance. Flesh is firm, rich, yellow, juicy, crisp, 
fine grained. Flavor is rich, aromatic, subacid, and satisfies the most 
fastidious. When not overripe it is excellent for all culinary purposes. 

The tree is moderately vigorous, does not come into bearing young 
and commonly bears biennial crops. It is quite free from disease. It 
blooms late—nearly as late as Northern Spy and Rome Beauty. 

While Mother cannot be recommended for the general market it 
should be more extensively planted for the home orchard and local 


market. 
Northwestern (Northwestern Greening) 


RIGINATING in Waupaca County, Wisconsin, the Northwestern 

was introduced to the trade in 1872. Because of its hardiness it 

has been widely planted throughout the northern sections of the apple 

belt—Minnesota, Wisconsin, and adjoining states. It has been planted 
to some extent in West Virginia and neighboring states. 
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The fruit is large, with a thin, tough, smooth skin, pale yellowish 
green in color. Flesh is greenish white, firm, coarse, Juicy, with a 
subacid flavor. It is rather poor in quality for dessert but cooks fairly 
well. It is especially desirable for baking because of its size and 
firmness. 

The tree is large and vigorous and bears at an early age. Alter- 
nate light and very heavy annual crops are generally produced. The 
tree habitually forms narrow crotches with forks of equal size, being 
much worse than Delicious in this respect. Judicious pruning when the 
trees are young will help overcome this defect. The variety is especially 
susceptible to bitter rot and apple blotch. 

There are quite a number of plantings of this variety in the 
Eastern Panhandle of West Virginia. In most years it has sold for 
attractive prices on the New York City market and in New England, 
because it is the earliest variety to ripen which is large enough for 
baking. The demand, however, is limited, consequently any marked 
increase in its planting would seem to be inadvisable at the present 
time. 


Grimes (Grimes Golden) 


ROM the consumers standpoint, Grimes is probably as popular as 

any variety now on the market, being excellent for both dessert and 
culinary purposes. The variety originated in Brooke County, West 
Virginia. Fruit from this tree was sold to New Orleans traders as 
long ago as 1804. It does best in the more southern apple districts. 
In the north it does not develop the best size, color, or quality. 

The fruit runs medium to below medium in the average heavy 
erop. Skin is thin, rather tough, greenish yellow, generally becoming 
a deep yellow at maturity. Flesh is creamy yellow, firm, tender, crisp, 
juicy, with a rich, spicy, subacid flavor. Grimes generally keeps well 
in cold storage until midwinter. If the storage is too dry considerable 
shrivelling may occur. Grimes is also one of our most susceptible 
varieties to storage scald. 

The tree is of moderately vigorous growth with stout, bushy 
branches which bear their crop without breaking. It commonly bears 
alternate heavy and medium crops. The fruit tends to run small on 
old trees, but by heavy pruning and by fertilization the size can be 
considerably increased. 

Only one disease seems to be serious with Grimes. This is the so- 
ealled ‘‘collar rot’’ or ‘‘collar blight’’ which attacks the tree at the 
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base and kills it in several seasons. To eliminate this trouble nursery- 
men in recent years have been ‘‘double working’’ Grimes. While this 
has greatly lessened losses, it seemingly has not entirely eliminated the 
disease. Grimes also seems to be very susceptible to attack of the red 
bug. 

At the time this bulletin was prepared Grimes ranked in import- 
ance among the first half dozen commercial varieties grown in West 
Virginia. Collar bight has been slowly reducing the number of trees, 
so a gradual decline in production of this variety may be expected. 


Jonathan 


HE first account of this variety was published in 1826. The original 

tree stood on the farm of Philip Rick, Ulster County, New York. 
It is supposed to be a seedling of Esopus Spitzenburg. It seems to 
find its best adaptability in regions other than that of its origin, reach- 
ing its greatest perfection in the valleys of the Ohio, Mississippi, and 
Missouri rivers. It has also been planted extensively in the Pacific 
Northwest. 

Fruit is medium to rather small. Skin is thin, tough, smooth, and 
pale yellow, nearly covered with indistinct stripes and splashes of 
deep red, giving almost a blushed appearance. Flesh is yellowish 
often tinged with red, fine-grained, crisp, tender, juicy, with a 
sprightly, vinous, subacid flavor. This variety is excellent for both 
dessert and culinary purposes. 


The tree is of moderate slender growth and comes into bearing 
early, producing nearly annual crops. The most serious weakness of 
the tree is its marked susceptibility to fire blight in all its forms. 
Another serious disease is the so-called ‘‘ Jonathan spot’’ of the fruit, 
which seemingly is very hard to control. It is particularly serious 
when the fruit is allowed to remain on the tree too long. The variety 
is also very susceptible to powdery mildew, a disease which is difficult 
to control. 

Jonathan, up to the time of this report has been one of the im- 
portant commercial varieties in West Virginia. Because of serious 
losses from the two diseases previously mentioned, the variety is be- 
coming less and less popular with the grower. Certainly in sections 
where these two diseases are very prevalent, the variety should not 
be planted either for the home or general market. 
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Delicious 


HE Delicious was first brought to notice by Jesse Hiatt, of Peru, 

Iowa, in 1881. It was then a sprout about six years old which had 
come up from the roots of a Yellow Bellflower tree. a was commer- 
cially introduced in 1895 under the name ‘Delicious.’ 

The fruit is medium to large and sometimes very large. Skin is 
thick, tough with a light yellow gr ound color, blushed, mottled with 
dull pink, and indistinctly streaked with crimson and darker red. 
The effect is very similar to Winesap in many specimens. Flesh is 
yellowish, firm, fine grained, juicy, becoming mealy from the core 
outward at maturity. Flavor is a mild subacid to almost sweet with 
a distinctive rich aroma. Specimens with poor color, however, are 
almost tasteless. The value of Delicious lies chiefly in its dessert 
qualities. However, there are many persons who do not like its per- 
fumed richness. It is very unsatisfactory for culinary uses due to its 
lack of acidity. 

The tree is vigorous and healthy, coming into bearing at a some- 
what early age and producing moderate annual crops. Great care 
must be exercised in training and pruning the young tree because of 
its tendency to form narrow angle crotches with each fork of similar 
size. Such erotches are weak and generally split when the hmbs later 
become heavily laden with fruit. The tree is quite resistant to blight, 
but suseeptible to seab. It is an early bloomer, consequently it often 
suffers from severe frost injury. 

Delicious has been heavily planted during the last ten years 
throughout the apple growing sections of the East and West. There 
is naturally a question in the minds of many regarding the permanency 
of the present attractive prices for this variety when all these trees 
reach maximum production. Delicious has been extensively advertised 
to the consumer which partially explains the heavy demand for it. 
Because of its characteristic shape it is easily recognized on the market. 
As a result of this, Delicious is probably better known by the customer 
than any other apple. Its failure as a culinary sort and the lack of 
quality in poorly colored specimens, of course, are serious drawbacks. 


Starking 


HE Starking apple appeared as a bud sport on a Delicious tree in 
the orchard of Lewis Mood, Monroeville, New Jersey, in 1922. 
Stark Brothers Nurseries introduced it in 1924. 
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Starking in every respect except color seems to be identical with 
Delicious. The apples color much earlier than Delicious and when 
mature are a solid red. This quality is a valuable one especially in 
localities where Delicious is likely to color slowly—in such sections 
Delicious is often left on the tree until overripe in order to get color. 
From all indications Starking will not have this fault. 


Golden Delicious 


OLDEN DELICIOUS originated as a chance seedling in Clay 

County, West Virginia, on the farm of H. Mullens. It was brought 
to the attention of Stark Brothers Nurseries, who introduced it in 
1916. It was given the Wilder Silver Medal by the American Pomo- 
logical Society in 1920. 

Fruit is medium to large. Skin is thin, tough, smooth, somewhat 
roughened by prominent raised russet dots, golden yellow in color, 
sometimes faintly blushed. Flesh is yellow, firm, crisp, but not tender, 
juicy, with a mild subacid flavor which resembles Grimes. It promises 
to be an excellent variety for both dessert and culinary purposes. Its 
storage limit is about the same as that of Stayman. 

The tree is healthy and vigorous, comes into bearing early, and the 
young trees produce nearly annual crops. Final opinion on tree 
characters cannot be given, however, until the trees under observation 
are more mature. 

Golden Delicious has been widely but not extensively planted in 
West Virginia. It promises to rival Grimes as the standard yellow 
winter variety because of its many points of superiority. It is larger, 
better in quality, and a longer keeper. It is also less subject to storage 
seald. Its tree characters, as far as can be judged from the young 
trees, are also decidedly better than those of Grimes. One of its chief 
faults is a lack of a smooth finish on the fruit due largely to its prom- 
inent russet dots. Golden Delicious shrivels in storage—particularly 
when picked in an immature condition, but if the golden yellow color 
is allowed to develop before picking little shriveling occurs. 


Winter Banana 


HILE this variety originated on the farm of David Flory, Adams- 

boro, Indiana, about 1876, it was not introduced until 1890. 

The fruit is fairly large to very large. Skin is smooth, moderately 
thick, tough, waxy, bright pale yellow with a beautiful pinkish red 
blush in most specimens. Flesh is yellowish, moderately firm, crisp, 
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tender, juicy, with a mild subacid, aromatic flavor. Winter Banana is 
highly esteemed for its dessert qualities by those who prefer a mild 
flavor, but has little value for culinary purposes. It keeps well until 
midwinter. 


Trees are medium in size and of vigorous growth, coming into 
bearing early and yielding moderate to heavy annual crops. They 
seem to be somewhat immune to fire blight. 


Winter Banana has been rather widely but not extensively planted 
in West Virginia. The fact that its color, like Maiden Blush, is such 
that it shows bruises readily, is one of its main defects. It is also likely 
to sunburn badly in the hot, sunshiny days of August and September. 
Undoubtedly, it is a good variety for the local market where there is 
a demand for a yellow apple. It is doubtful, however, if it can com- 
pete with the several attractive red dessert varieties of its season. 


Stayman (Stayman Winesap) 


“HE Stayman originated from seed of a choice lot of Winesap grown 
in 1866 by Dr. J. Stayman of Leavenworth, Kansas. It first 
fruited in 1875. Its merits were not recognized until 1890 when two 
men, R. J. Black of Bremen, Ohio, and J. W. Kerr of Denton, Mary- 
land, fruited the variety on top grafts. 

This fruit is medium to large if trees are not too heavily loaded. 
Skin is rather thick, moderately tough, greenish yellow in color, often 
covered with a dull red indistinetly striped with dull carmine. The 
general effect is a light red. Flesh is yellowish, firm, tender and 
juicy, with a mild subacid flavor. Stayman is excellent for both 
dessert and culinary purposes. It keeps well until late winter. 

The tree is vigorous with an open top and stout upright-divergent 
branches. It comes into bearing fairly early and yields moderate 
annual crops. Fire blight does not seem to attack it to any consid- 
erable extent. It is, however, susceptible to scab. 

Stayman has been extensively planted in the Eastern Panhandle 
of West Virginia. These plantings are now beginning to produce 
heavily. Generally speaking, it is well liked by the growers. Its 
chief faults are lack of color in some seasons, a tendeney to crack, 
and failure to set fruit in sold blocks due to self-sterility. It undoubt- 
edly is one of the most promising of the newer varieties that have been 
planted in recent years, being a favorite on the general as well as on 
the local markets. 
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Rome (Rome Beauty) 


OME was originated by H. N. Gillett of Lawrence County, Ohio, 

and brought to the attention of the Ohio Convention of fruit 
growers in 1848. The original tree stood on the banks of the Ohio 
until 1860 when it was washed away by high water. 

Fruit is medium to large. Skin is thick, tough, smooth, with a 
yellow ground color mottled and striped with bright red shading to 
a darker red. The flesh is somewhat coarse, firm, crisp, and moder- 
ately juicy until mature, when it quickly becomes dry and mealy. The 
flavor is a mild subacid one which becomes insipid when the apple be- 
comes mealy. The variety is a good culinary one and is well liked for 
its dessert qualities until it becomes overripe. It stands rough hand- 
ling well. Its commercial hmit in storage is about March. 

The tree is of vigorous growth tending to grow thick and bushy 
if not well pruned. It cannot be considered a very early bearer, but 
as soon as its bearing habit becomes established it produces nearly 
annual crops. Because of its habit of bearing good crops annually on 
terminals, it is one of our most fruitful and profitable varieties. 
Rome is probably the latest blooming commercial variety in this see- 
tion and consequently its buds are seldom injured by frost. It is quite 
susceptible to fire blight, cedar rust, apple scab, and storage seald. 
The color is best on elevated land, low river bottom fruit often lacking 
color. 

In the Ohio Valley section Rome is the leading commercial variety. 
It is a favorite because it is highly productive, adaptible to various 
soils and locations, makes an attractive appearance when placed on 
sale, and because it can be either barrel, basket, or box packed. This 
apple is well liked by the consuming public, especially in the industrial 
centers of Ohio and Pennsylvania where it finds its chief market. The 
variety seems to be better adapted to the Ohio Valley than to the 
Eastern Panhandle sections. 

Bud sports of Rome have appeared in several sections of the 
country in which the color shows a higher development than in Rome. 
When well colored the fruit is a solid red without stripes or splashes. 
These sports, although they have a separate origin appear to be iden- 
tical. One of them has been introduced as Gallia Beauty, still another 
as Red Rome. They seem to be the same as Rome in every character 
except that of color. Growers familiar with them say that they are 


superior to Rome. 
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York (York Imperial) 


ORK takes its name from its place of origin on the farm of a Mr. 

Johnson, near York, Pennsylvania. Mr. Johnson’s attention was 
brought to it by schoolboys visiting the tree in the early spring to get 
the apples that had been on the ground over winter covered with 
leaves. Mr. Jonathan Jessup began the propagation of it in 1830 
under the name of Johnson’s Fine Winter. It was known under this 
name for a time until the late Charles Downing after an inspection 
of specimens pronounced it to be imperial in its keeping quality and 
suggested the name York Imperial. It has been widely distributed 
through Maryland, Pennsylvania, and the Virginians, and has become 
one of the leading commercial varieties. 

Fruit is medium to large when well grown. The skin is thin, 
tough, smooth, pale yellow, shaded and striped with bright pink to 
deep crimson. Flesh is yellowish, very firm, crisp, somewhat coarse, 
moderately juicy, with a pleasant but distinctive subacid flavor. The 
quality is excellent for sauce and pie as it retains its shape when 
eooked. It is considered one of the best for canning purposes. Its 
storage limit is slightly longer than that of Stayman. It is likely to 
seald badly im storage. 

The tree is large, of dense, vigorous, bushy growth, comes into 
bearing moderately early, and yields heavy biennial crops. It seems 
also to be very long lived. By heavy pruning and fertilization it can 
be made to bear annually, but fruit is generally oversized and poor 
in color. Thinning is generally needed as the fruit tends to set in 
clusters. If thinning is not done the apples are likely to be uneven in 
size with many undersized, poorly colored fruits. Because of the 
bushy habit of growth of the tree much pruning is required to get 
size and color. It is moderately susceptible to fire blight. Cedar rust 
attacks it rather badly. It blooms late, consequently it is seldom 
caught by frosts. 

York is probably the most important commercial variety in West 
Virginia. There is much dissatisfaction with it, however, as evidenced 
by the fact that few trees of this variety can be found in the younger 
plantings. Because of the immense size to which the trees grow the 
variety will produce in the crop year a heavier tonnage per acre than 
any other variety grown in this section. York will stand rough hand- 
ling better than most varieties, sells well on the export market, and is 
a favorite variety with the canners. Its mediocre quality is against it, 
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however, especially when it comes into competition with varieties of 
higher quality such as Grimes and Stayman. 


Arkansas (Mammoth Black Twig) 


HIS variety originated near Rhea Mills, Arkansas, from seed 

planted about 1833. It is probably a sceedling of Winesap which it 
markedly resembles. Nurserymen began the propagation of it about 
1868. Arkansas is its correct name and the one officially adopted by 
the American Pomological Society. It is known to the grower and to 
the trade by the name ‘‘Black Twig.’’ Another variety, Paragon, also 
a seedling of Winesap, has been confused with Arkansas. Paragon 
originated in Tennessee. The fruits of the two varieties so closely 
resemble each other that they seem almost identical. Some growers 
claim that Paragon is more productive than Black Twig. 

Fruit of Black Twig is medium to large. Skin is thick, tough, be- 
coming more or less oily in storage, with a dull yellowish green ground 
eolor overlaid with a dull light red shading to a darker red. Flesh 
is a greenish yellow, firm, crisp, somewhat coarse, moderately juicy, 
with a rich subaeid flavor. It is excellent for both dessert and culinary 
purposes. The quality is not as high as either Stayman or Winesap. 
It sealds badly in storage. At picking time this variety is very hard 
and will stand considerable handling without being seriously injured. 
It ranks about with Winesap in keeping quality. 

The tree is large, healthy, and vigorous with strong, stocky 
branches. Its bearing habit is variable. Trees in the Station orchards 
have borne moderate crops their ninth and tenth year. In other locali- 
ties growers have reported a marked tardiness in coming into bearing. 
The fruitfulness of mature trees also differs widely, some growers re- 
porting good productivity, others a lack of it. The majority of all 
reports, however, would indicate that the variety is a shy bearer 
in West Virginia. Arkansas is self-sterile. Undoubtedly, many of the 
cases of low yields are due to a lack of proper cross-pollination. 

Arkansas is a variety that has so many good qualities in both tree 
and fruit that one hesitates to discard it, but because of lack of pro- 
ductivity it is likely to disappear eventually. 


Winesap 


OT much is known as to the origin of this variety. Coxe, in 1817, 
mentions it as being ‘‘the most favored cider fruit in New Jersey.’’ 
From this fact many writers have thought that to be the probable place 


of its origin. 


18 W. Va. AcR’L EXPERIMENT STATION [BULLETIN 222 


The fruit is medium to small, rarely large. Skin is moderately 
thick, tough, smooth, glossy, yellowish green, blotched and indistinctly 
striped with crimson, deep carmine and purple. Flesh yellowish, firm, 
juicy, moderately coarse with a rich, sprightly subacid flavor. Wine- 
sap is an excellent dessert variety and excels also for culinary 
purposes. 

The tree is smaller and not of as vigorous a growth as Stayman 
nor are the branches as stout and the leaves as large. Like Stayman, 
Winesap is generally free from attacks of fire blight, but is quite sus- 
ceptible to apple scab. 

Winesap, undoubtedly, ranks among the first half dozen varieties 
in West Virginia as judged by number of trees. It is very particular, 
however, as to soil and elevation, lacking color at low, and size at high, 
elevations and on poor soils. It generally colors better than Stayman. 
Many growers do not like it because of its low yielding ability—mainly 
due to small trees and small fruit. It probably is as completely self- 
sterile as any of the standard varieties of apple, consequently it must 
be planted adjacent to other varieties. Winesap keeps well, retaining 
its maximum quality in cold storage until almost midsummer. In the 
localities where it is adapted it is unexcelled for both the general and 
home market. 


Varieties of Crab Apples 
Transcendent 


HE origin of Transcendent crab apple is unknown. The Prince 

Nurseries listed it in their catalog as early as 1844. 

Fruit is medium to large. Skin is thin, clear bright yellow in 
color, blushed and splashed with bright red and overspread with 
bloom. It ripens in late August and September. 

Ypaa 1a or a 10° a ‘ A , 7 bs : 

Tree is large, vigorous, comes into bearing early, and is a good 
producer. In the Station orchard it has been very susceptible to fire 
blight. It blooms early and consequently blossoms are often severely 
injured by frosts. 

2 as <ey f ita ‘ if 7 + 

3ecause of its beautiful color and high quality Transcendent can 
be recommended where an early variety is desired. It ripens a little 
too early, however, for either the home or general market. 
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Hyslop 


YSLOP is one of our oldest and best known varieties of erab 

apples, but its origin is unknown. 

Fruit is above medium to large. Skin is pale yellow overspread 
with a dark red blush and with a thick bloom. Exposed fruits when 
fully mature are colored a solid dark red. Flesh is firm, fine grained, 
and juicy but becomes dry and mealy when stored. It ripens in late 
September. 

The tree is vigorous, upright growing, begins to bear early, and 
seems to be a regular bearer. Its blooming period is later than that 
of Transcendent and it is not so susceptible to fire blight as is the 
earlier variety. 

Hyslop is one of the most desirable varieties of its season for both 
the home and general market. Due to its lateness in ripening there 
is generally a greater demand for it than for Transcendent. 


THE PEACH 


HE peach is the second tree-fruit crop in point of importance in 

West Virginia. Plantings are widely scattered, the large com- 
mercial plantings being east of the Alleghenies, in Hampshire, Mineral, 
Morgan, and Berkeley counties, with the small orchards catering to 
local market demands being found west of the mountains. 

The total number of bearing and non-bearing trees has decreased 
considerably in the last decade, most of the decrease being in the 
Eastern Panhandle. There are many reasons for the decline. Many 
peach trees had been set as fillers in the apple orchard, and as they 
began to crowd the apple trees they were removed. Lack of care and 
the ravages of the yellows disease and the peach-tree borer have all 
taken their toll. Low prices in some years, generally due to variation 
in time of ripening, bringing our peaches into direct competition with 
neighboring high producing sections, have made the future look dis- 
couraging to anyone considering the making of new plantings in the 
Eastern Panhandle. Thus, in 1926, due to the generally late season, 
West Virginia peaches went onto the market in direct competition 
with New Jersey and Delaware peaches. This resulted in extremely 
low prices. Normally, West Virginia peaches should precede by a 
few days those of New Jersey and Delaware. 
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Generally speaking, there seems to be room for expansion in the 
peach industry in the counties west of the Alleghenies. Here, there 
is a strong local demand, particularly near centers of industrial de- 
velopment—a demand that rarely is fully supplied by the few scat- 
tered small orchards. Local conditions as regards variety adaptability 
and market demands should be thoroughly studied before new plant- 
ings in this section are decided upon. 


Varieties of Peaches 


ARIETIES of peaches which are under observation in the Experi- 

ment Station orchard at Morgantown are: Alton, Apex,* Artic,* 
Banner, Belle,* Bilmeyer,* Bray’s Rareripe,* Brunner’s Favorite,* 
Burton,* Buttercup, Carman,* Chair’s Choice, Champion,* Crawford 
Late,* Crosby, Cumberland, Day’s Nonpariel,* Delicious, Dewey, Early 
Elberta,* Early Mamie Ross, Easton Cling,* Eclipse, Elberta,* Engles 
Mammoth, Fox Seedling,* Frank,* Gibson Cling, Greensboro,* J. H. 
Hale,* Heidelberg,* Hiley,* Japan Blood,* Kalamazoo, Krummel,* 
Martha Free, Marigold, Massaoit, Mayflower,* Meteor, Niagara, Oriole, 
Pioneer, Primrose, Radiance, Reeves,* Rochester,* Rosebud, Salwey,* 
Shippers Late Red, South Haven, Smock, Sunbeam, and Waddell.* 


Mayflower 


NOTHING is known as to the origin of this variety except that it is 
said to have originated in North Carolina. 

Fruit is medium sized and oval in shape. Skin is heavily pub- 
escent (fuzzy), creamy white with a dark red blush. Flesh is green- 
ish white, juicy, tender, subacid in flavor and clings to the rather 
large stone. It is only fair in quality and is not a good shipper. May- 
flower is the earliest peach in the Experiment Station Orchard, ripen- 
ing about the middle of June. 

Tree is large, vigorous, open, hardy, and productive. It is one 
of our hardiest varieties in the bud. 

Mayflower is an important commercial variety in the South, be- 
ing grown there chiefly because of its extereme earliness. It undoubt- 
edly would be a profitable variety to plant in a very limited way for 
local markets in West Virginia. 


*Varieties in bearing upon which a report can be made. Other varieties were not 
old enough to bear at the time this report was prepared. 
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Greensboro 


HIS variety is a seedling of Connett which was grown at Greens- 

boro, North Carolina, about 1891. It was placed on the list of 
recommended varieties by the American Pomological Society in 1899. 

Fruit is medium to large and oblong-oval shape. Skin is tough, 
ereamy white in color, blushed and striped with light and dark red. 
Pubescence is heavy. Flesh is white, juicy, tender, sprightly, fair in 
quality, half clinging to the stone. The fruit stands shipping well. 

Tree is large, vigorous, spreading, open, hardy, and productive. 
It is even more hardy in the bud than Mayflower. 

Greensboro is one of the best early, white-fleshed peaches, ripen- 
ing in the Experiment Station orchard about July first. Because of 
its excellent tree characteristics and the high resistance of its fruit 
buds to low temperatures, it has been our most reliable cropper at 
Morgantown. While planting of this variety in a limited way for the 
local market can be recommended, it cannot be for the general market. 
It is a white clingstone of mediocre quality. The trade will not buy 
such a peach when it can get varieties of better quality ripening at 
the same time from the South. 


Carman 


HE Carman variety was originated by J. W. Stubenrauch, of Mexia, 

Texas, in 1889. Its many good qualities so pleased Mr. Stubenrauch 
that he named it Pride of Texas and began propagating it in 1892. 
The name later was changed to Carman in honor of the late E. 8. Car- 
man, editor for many years of the Rural New Yorker. 

Fruit is medium in size and round-oval in shape. Skin is thin, 
tough, creamy white in color, more or less covered with light red 
with splashes of darker red. Pubescence is very thick and short. 
Flesh is white, juicy, and sweet, with a mild pleasant flavor. Stone is 
almost free. Carman is above the average in quality for a variety of 
its season. It ripens the latter part of July in the Experiment Sta- 
tion orehard at Morgantown. 

The tree is large, vigorous, spreading, hardy in both wood and 
bud, and very productive. 

Carman is one of the best varieties of its season for the home or 
local market. Like Greensboro, on the general market it generally 
comes into competition with better quality yellow peaches from the 
South, particularly Elberta. 
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Rochester 


ROCHESTER came from a seed planted about 1900 on a farm owned 
by a Mr. Wallen, near Rochester, New York. It was introduced 
in 1912 by the Heberle Brothers Nurseries of Brighton, New York. 

Fruit is medium to large in size, and round-oblate in shape. Skin 
is thick, tough, lemon yellow changing to orange yellow in color, 
blushed and mottled with dark red. Flesh is yellow, streaked with red 
near the pit, juicy, tender, sweet, and highly flavored. Stone is free. 
Pubescence is very heavy. It ripens the latter part of July. 

Tree is large, vigorous, upright-spreading, hardy, and productive. 
Yellow peach varieties are considered to be more tender in the bud 
than white ones. Rochester ranks as one of the hardiest of the yellow 
peaches as measured by resistance to cold. 

Rochester is one of the few new varieties that is promising. It has, 
however, several faults. Its pubescence is so heavy that it detracts a 
great deal from its appearance. It ripens unevenly, a quality that is 
good for the local but not for the general market. It seems, however, 
to be our earliest yellow peach of good quality. It is one of the few 
varieties that can be recommended for the local market. 


Hiley 


UGENE HILEY, Marshallville, Georgia, originated this variety 

about 1886. It was a seedling that came from a collection of 
seeds of a number of varieties including Belle and Elberta. It was 
believed to be a seedling of Belle crossed with Alexander. It was 
first named Early Belle but later the name was changed to Hiley. 

Fruit is medium to above medium in size and roundish-conie to 
oblong-conie in shape. Skin is thin, tough, greenish yellow with a 
dull red blush on one side, more or less mottled. Flesh is creamy 
white, stringy, tender, firm, with a pleasant agreeable flavor. Quality 
is good. Stone is semi-free to free. The variety ripens early in 
August. 

Tree is medium in size, moderately vigorous, upright spreading, 
productive. It ranks with Belle in bud hardiness. 

Hiley is undoubtedly a good variety to plant in a limited way for 
the home market. It has not been a profitable variety for the general 


market in recent years because it comes on the market when it is still 
well supplied with southern Elbertas. 
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Belle (of Georgia) 


ELLE grew from a seed of Chinese Cling planted in 1870 bye AS 
Rumph, Marshallville, Georgia. The other parent is believed to 
have been Oldmixon Free. The American Pomological Society first 
recommended it in 1899 under the name Georgia, but later changed the 
name to Belle. Popularly it is still designated ‘‘Belle of Georgia.’’ 

The fruit is medium in size and roundish-oval in shape. Skin is 
thin, tender, greenish white to creamy white in color, blushed and 
mottled with light and dark red. Flesh is white, tinged with red at 
the pit, juicy, stringy, tender, sweet and mild. Stone is semi-free to 
free. Quality is good. Pubescence is short, fine and rather thick. 
Belle ripens about the middle of August—a week or ten days before 
Elberta. 

Tree is large, vigorous, spreading, open, hardy, and very pro- 
ductive. In the Experiment Station orchards Belle is not as hardy in 
the bud as Greensboro or Carman. Generally, however, a sufficient 
number of buds come through the winter to insure a heavy crop. 

Belle is one of the best varieties of its season, but it is white- 
fleshed and whenever it ripens at a time that brings it in competition 
with the Elberta crop from more southerly sections it does not sell 
well. Because of this, commercial growers have found that profits 
from this variety have been very uncertain. It is a good variety for 
the home markets, however, because these usually do not have as 
heavy competition from other producing sections as do the markets of 


large cities. 
Elberta 


LIKE Belle, Elberta grew from a seed of Chinese Cling planted in 
1870 by Samuel H. Rump of Marshallville, Georgia. The Chinese 
Cling tree from which the seed came, grew near Early and Late Craw- 
ford, Oldmixon Free, and Oldmixon Cling trees. Mr. Rump believed 
that the Early Crawford was the male or pollen parent. The seedling 
was named Elberta in honor of his wife, Clara Elberta Rump. Elberta 
has been widely and extensively planted in all peach sections of the 
United States. It is unquestionably the leading variety as judged by 
number of trees, productivity, and popular demand in the markets. 
Fruit is medium to large in size, roundish-oblong in shape. Skin 
is thick, tough, deep yellow in color, partly overspread with red and 
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with much mottling over nearly the whole surface. Pubescence is 
thick and coarse. Flesh is yellow, juicy, stringy, firm yet tender, 
sweet or subacid, mild in flavor. Stone is free. Quality is fair to 
good. It ripens the last of August slightly ahead of J. H. Hale. It is 
a good shipper and keeper. 


The tree is large, healthy, upright-spreading, vigorous, and pro- 
ductive. It is not hardy in the bud as grown in the Experiment Sta- 
tion orchards at Morgantown. 


As Hedrick expresses it (Peaches of New York), ‘‘Elberta is the 
cosmopolite of cultivated peaches.’’ Its chief fault under West Vir- 
ginia conditions is a lack of bud hardiness. The defect manifests 
itself to a greater degree west of the Alleghenies where it seemingly 
is not a profitable variety except on very favorable sites. It can 
safely be recommended, however, as a profitable variety to grow in 
the commercial fruit districts of the Eastern Panhandle. 


Various strains of Elberta have been introduced by nurserymen 
which are claimed to be superior to the old variety, some of them 
ripening earlier and some later. Only one has been tested at this Sta- 
tion, an Karly Elberta. This strain ripens three or four days earlier 
than the old variety. The fruits seem to be identical with those of 
Elberta, but the trees do not grow as vigorously. 


J. H. Hale 


HIS variety is a chance seedling found by J. H. Hale, South Glas- 

tonbury, Connecticut. Probably Elberta is one of its parents. After 
extensive testing in orchards in Connecticut and Georgia, the new 
variety was thought worthy of introduction and was sold to the Wil- 
liam P. Stark Nurseries of Stark City, Missouri. Advertising and 
distribution of the variety began in 1912. In the fifteen years that 
have passed since its introduction it has been extensively planted in 
all the important peach producing districts of the United States. 


Fruit is medium to large in size and nearly spherical in shape. 
Skin is thick, tough, pale yellow in color covered with motthngs and 
splashes of attractive light and dark red. Pubescence is light. Flesh is 
yellow, juicy, fine-grained, and of good quality. Stone is free. It rip- 
ens the last of August at about the same time as Elberta or slightly 
later. 
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Tree is vigorous, somewhat stubby in its habit of growth, and 
productive. Trees, as a rule, do not grow as large as those of Elberta. 
Fruit buds of J. H. Hale are not very resistant to low temperatures, 
being more tender even than Elberta. 


J. H. Hale seems to be a worthy rival of Elberta. Since it ripens 
at about the same time and must compete with it on the markets, 
a comparison of the two varieties will be made. Generally speaking, 
Elberta will be more productice than J. H. Hale because its trees are 
larger and its fruit buds are more resistant to low winter tempera- 
tures. On the other hand, J. H. Hale peaches will run larger in size 
and will be more attractive than those of Elberta. The quality being 
also better they generally will sell at a somewhat higher price on 
markets where they are known. 

J. H. Hale as grown in most sections of the East is self sterile—a 
defincieney rarely found in the peach. Sterility in this case is due to 
the failure of the pollen to develop normally. The variety must, there- 
fore, be interplanted with other varieties and provision made for cross- 
pollination by means of bees. When such facilities are provided, J. 
H. Hale will set heavily and may require some thinning. 

J. H. Haie can be recommended for planting both for the local 
and general market in sections where the Elberta has proved itself 
to be a profitable variety. Unfortunately a very high percentage of 
the fruit buds of both of these varieties are annually winter killed in 
the Experiment Station orchards—so many as to reduce the yield 
materially. Observations in other sections west of the Alleghenies 
show a similar condition each year—an extremely high mortality 
among fruit buds of J. H. Hale and Elberta. A few orchards of these 
varieties in these sections, due to being placed on exteremely favor- 
able sites, are bearing good crops. This difference in mortality of 
fruit buds east and west of the Alleghenies is due to different winter 
weather conditions.* Fruit growers in central and western West 
Virginia should study their local situation carefully, therefore, before 
planting J. H. Hale or Elberta. 


Salwey 


ALWEY is one of the few important varieties that are of Huropean 
origin. Its history is obscure. One account gives Thomas Rivers, 
Sawbridgeworth, England, the credit for originating and introducing 


*Consult: Knowlton, H. E. and Dorsey, M. J. “A Study of the Hardiness of 
the Fruit Buds of the Peach,’’ W. Va. Agr. Mxpte Sta. Bul. 211, 1927. 
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it. Another account says it was raised in 1844 by Colonel Salwey, 
Surrey, England, from the seed of an Italian peach. Few varieties are 
more widely grown, it being a standard variety in Europe as well as 
in peach sections of the United States. 


Fruit is medium in size and round-cordate* in shape. Skin is 
thin, tough, greenish-yellow in color with a brownish-red blush, 
splashed dark red. Flesh is a deep yellow, juicy, stringy, tender, with 
a sweet, pleasant flavor. Quality is good, particularly for canning, 
preserving, and evaporating. Fruit ripens the latter part of Sep- 
tember. 


Tree is medium to large, vigorous, hardy, and productive. Buds 
are quite hardy for a yellow peach—generally enough survive the 
winter to insure a crop. 


Salwey is an excellent variety for the local market to lengthen the 
season. As a commercial variety for the general market it is not 
large enough and attractive enough to compete with Elberta from the 
northern peach districts. 


Krummel 


K ROMMEL was originated by a Mr. Krummel of St. Louis, Missouri, 

some time previous to 1900. It is a well known variety in south- 
ern peach regions. It is not grown in the North because it ripens too 
late and would often be caught by late fall freezes. 

Fruit is large in size, spherical in shape. Color is a light lemon 
yellow, very faintly blushed with carmine. Flesh is yellow, fine in 
texture, juicy, melting, good in quality. Stone is free. It ripens a 
little later than Salwey. 


Tree is large, vigorous, hardy, fairly productive. It ranks with 
Salwey in fruit bud hardiness. 

Krummel is undoubtedly a good variety for the local market 
where a very late variety is desired. 


*The word “cordate” means heart-shaped. 
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THE CHERRY 


ee varieties of cherries belong to two species, Prunus 

avium, the sweet cherry, and Prunus cerasus, the sour cherry. 
The Dukes, the most important variety being May Duke, are crosses 
or bybrids between the two above mentioned species. 

Sweet cherries lack adaptability to both soil and climate, conse- 
quently they thrive in but few regions, the Pacifie Coast and the 
Great Lakes districts being the most important. Probably the chief 
drawback to their extensive culture in West Virginia is their lack of 
winter hardiness in both wood and bud. Warm spells, so characteristic 
of our West Virginia winters, cause the buds to swell and consequent 
sudden drops in temperature do great damage to wood and to fruit 
buds. Chandler says, *‘the wood of the sweet cherry is shghtly more 
resistant to freezing than that of the peach, a few varieties such as 
Lyons and Wood being considerably more resistant. The tree, how- 
ever, does not have as great ability as the peach tree to recover from 
the killing of a large part of the sapwood; and so, following some 
freezes, a larger percentage of sweet cherry trees than of peach trees 
are lost; though this is not generally true.’’ Considerable injury to 
the wood has occurred in the variety orchard at Morgantown during 
several winters, one entire block of Schmidt being so badly injured 
that it had to be removed. 

The sour cherry is one of our most cosmopolitan of fruits, often 
thriving with very little care. On the other hand, it will repay good 
eulture as well as any of our fruits. All varieties are quite resistant 
to low temperatures both in wood and bud. Due to this fact their 
limited culture in West Virginia should be encouraged wherever there 
are markets to be supplied. 

The Dukes, hybrids between the sweet and sour cherries, have 
some of the characteristics of both. Their culture in home orchards 
is recommended wherever a wide variety is desired. Uneveness in 
ripening, however, of many of the varieties make them poor for 


commercial markets. 


Varieties of Sweet Cherries 


HE following varieties of sweet cherries are under test in the 
variety orchards at Morgantown: Bing, Black Tartarian, Gover- 
nor Wood, Ida, Lambert, Mercer, Napoleon, Schmidt, Windsor, and 
Yellow Spanish. Of these varieties, Ida, Wood, Tartarian, Napoleon, 


28 W. Va. AGR’L EXPERIMENT STATION [BULLETIN 222 


and Windsor have done best. Yellow Spanish and Lambert are high 
in quality but lack hardiness. Mercer is hardy but the quality is 


poor. 
Ida 


DA was first grown as a seedling by E. H. Cochlin of Shepherds- 

town, Pennsylvania, and named after his daughter. The fruit ripens 
about the first week in June. It is hardy in the bud, and consequently 
bears large crops. Fruit is soft fleshed, yellowish red in color, of good 
size, but mediocre in quality. The trees are healthy and vigorous. 
It can be recommended for trial in the home orchard because of its 
hardiness and productivity. 


Wood (Governcr Wood) 


OOD is a seedling raised by Professor J. P. Kirtland, of Cleveland, 

in 1842. It was named in honor of Reuben Wood, at one time 
Governor of Ohio. 

The fruit ripens early, generally about the first week in June in 
the latitude of Morgantown. Trees are hardy and vigorous. The 
fruit is of good size and excellent quality, yellowish white in color, 
tinged with crimson. The flesh is soft, however, so it will not stand 
shipment. It is a good, early variety for the home orchard. 


Tartarian (Black Tartarian) 


HIS variety came originally from Russia. It was introduced into 
America by William Prince, of Flushing, New York, early in the 
nineteenth century. Probably no cherry variety is better known than 
Tartarian, it being grown over all Eastern United States. It is 
adapted to widely different soils and climates, is fruitful and hardy, 
and has excellent fruit characters that make it a general favorite. 
Tartarian ripens with Ida. The fruit is glossy black in color with 
handsome purplish red flesh of a sweet, rich flavor. Its comparatively 
small size is a drawback for the commercial planter, as well as is its 
soft flesh. It is one of the best, however, for the home orchard. 


Napoleon 


N 4P0LEON is a very old variety of unknown origin. It was grown 
over all Eastern Nurope early in the eighteenth century. It was 
introduced into America in the early quarter of the nineteenth century. 
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On the Pacifie Coast it is extensively grown and sold under the name 
Royal Ann. 

Napoleon ripens about the second week in June. It is a large, firm 
fleshed cherry, reddish yellow in color, of the best quality, admirably 
adapted for dessert purposes as well as for canning. The cherries 
earry well, which makes the variety a favorite with fruit dealers. The 
tree is vigorous, hardy, and healthy. 


Windsor 


HIS variety originated in the latter half of the nineteenth century 
on the farm of James Dougall, of Windsor, Canada. 

The fruit ripens late, generally about the third week in June in 
the latitude of Morgantown. It is medium sized, dark red in color, 
firm fleshed, and of good quality. The tree is hardy and vigorous but 
comes inte bearing late. It is probably the most widely grown of the 
late sweet cherries. 


Varieties of Sour Cherries 


ioe Richmond, English Morello, Duchess, Dyehouse, Marguerite, 

and Montmorency are the varieties that have been under trial in 
the Experiment Station orchards at Morgantown. Of these, Dyehouse, 
Early Richmond, English Morello, and Montmorency can be recom- 
mended for trial in West Virginia. 


Dyehouse 
HIS cherry was probably grown from a pit more than sixty years 
ago by a Mr. Dyehouse, of Lincoln County, Kentucky. 

The fruit strongly resembles Early Richmond but is smaller and 
four or five days earlier. Due to its defect in size it is not as popular 
as Early Richmond. It is also less productive, and should be grown 
for home and market only wherever an earlier variety than Richmond 


is desired. 


Richmond (Early Richmond) 
ARLY RICHMOND is one of the oldest cherry varieties, being 
known in England as Kentish. It was brought to America early 
in the nineteenth century and was called Early Richmond because 
William Prince obtained his first trees of the variety from Richmond, 


Virginia. 
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The fruit ripens with the earliest of the sweet cherries. It is 
medium in size, light red in color, and fair in quality. The tree is 
hardy, vigorous, and fruitful. It is the best sour cherry of its season. 


English Morello 


HIS variety probably originated in either Holland or Germany. 

It was taken to England and France. 

The fruit is medium in size, dark red in color with a soft, dark red 
flesh which is acid and often astringent until thoroughly ripe. It is 
probably the best of the sour cherries for preserving. While the trees 
are hardy and vigorous they never grow large and consequently 
should be set closer than Richmond or Montmorency. It ripens four 
or five days after Montmorency. 


Montmorency 


HE Montmoreney was introduced into America very early, the 

exact date not being known. Its origin is obscure, but probably 
occurred in France. It has been confused with other varieties, par- 
ticularly Richmond. 

Montmorency is unquestionably the most popular sour cherry 
erown in America. Hedrick says that half the cherry trees in New 
York, sweet or sour, are Montmorencies and at least three-fourths of 
all sour cherry trees are of this variety. The fruit is larger than 
Richmond, of better quality, firmer fleshed, and thicker skinned. It 

ripens the last week in June. 


Varieties of the Duke Group 


HREE Duke (crosses between the sweet and cour cherry) va- 

rieties have been under test in the Experiment Station orchards 
at Morgantown. They are May Duke, Abbesse d’ Oignies, and Royal 
Duke. All three are worthy of trial in the home orchard. 


May Duke 


T is believed that this variety originated in a district in France 
known as Medoc. Wm. Prince mentions it as being one of the first 
cherries introduced into America. It is now one of the best known 
and widely distributed varieties of cherries. 
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The fruit ripens with the earliest of the cherries. It is of mod- 
erate size, dark red in color with a soft, medium to dark red flesh and 
subacid but pleasant flavor. Tree is hardy, vigorous, and fruitful. 


Abbesse d’ Oignies 


A CCORDING to Hedrick, of the New York Agricultural Experiment 

Station, this variety has so far been tried commercially only in 
the Middle West. At the New York Station it is one of the best of the 
Dukes. It is believed to have originated in Belgium about the middle 
of the nineteenth century. 

The fruit ripens about the middle of June in the latitude of Mor- 
gantown. The tree is vigorous and hardy, and bears good erops of 
large, dark red cherries of excellent quality—probably of better qual- 
ity than most of the varieties of Dukes. It also has their fault of 
tending to ripen unevenly. 


Royal Duke 


HE origin of this variety is not known, but it was in cultivation in 
Europe at least as early as the latter half of the eighteenth 
century. 

The Royal Duke variety is an excellent one to follow May Duke, 
which it closely resembles. It differs from it in ripening a few days 
later; the cherries are larger and lighter red in color. The tree is 
vigorous, hardy and fruitful. 


THE PEAR 


HE production of pears in West Virginia should be limited to the 

small orchard supplying a local trade. A few commercial orchards 
have been planted in the past, but they have not been successful. 
Probably the prevalence of fire blight has been the chief cause of fail- 
ure, spring and summer weather conditions being particularly favor- 
able for the rapid spread of this disease. 


Varieties of Pears 


N a limited way, the West Virginia Agricultural Experiment Station 
has been carrying on variety tests with pears. The following va- 
rities are under observation: Beurre’ d’ Anjou, Duchesse d’ Angou- 
leme, Bartlett,* Becurre’ Bose, Beurre’ Clairgeau, Clapp’s Favorite, 
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Doyenne’ du Comice, Flemish Beauty, Garber, Howell, Keiffer,* King 
Karl, Koonce, Lawrence, Lincoln, Seckel,* Sheldon, Vermont Beauty, 
Wilder, and Winter Nelis.* 


Bartlett 


ARTLETT is an old English variety. It was brought to this 

country about 1797 by James Carter of Boston for Thomas Brewer 
of Roxbury, Massachusetts, under the name of Williams’ Bon Cretien, 
by which name it was then and still is known both in England and 
France. In 1817 Enoch Bartlett got possession of the Brewer estate 
and not knowing the true name of the variety gave it the name 
Bartlett. 

Fruit is medium to large with a clear yellow color, generally with 
a faint blush. Skin is thin, tender, smooth, sometimes slightly rus- 
setted. Flesh is fine grained, melting, buttery, very juicy and good in 
quality. It keeps and ships very well. It ripens late in August. 

Tree is medium in size, upright, hardy, comes into bearing early, 
and is very productive. It is very susceptible to fire bight, however. 

Bartlett is unquestionably the best commercial variety in the 
United States. Its great adaptability to different climates, soils and 
situations help to make it so. It is a variety that can be recommended 
for planting in a limited way for the home market. 


Seckel 


S ECKEL originated as a chance seedling on a tract of land south of 

Philadelphia near the Delaware River. The land finally came into 
possession of a Mr. Seckel, who gave the pear his name and introduced 
it. It soon was widely disseminated and everywhere became popular. 
Next to Bartlett and Kieffer, it is now more grown than any other 
variety. 

Fruit is small, uniform in size and shape. Skin is smooth, dull, of 
a greenish yellow color generally overlaid with a russet brown, some- 
times with a russet red blush. Flesh is white tinged with yellow, 
melting, tender, buttery, juicy, with a rich spicy flavor. The quality 
is excellent. Fruit ripens in September. 

Tree is large, vigorous, upright-spreading, bushy, hardy, long 
lived, very productive, but late in coming into bearing. It is remark- 
ably free from fire blight, but susceptible to scab. 


*Varieties in bearing upon which a report can be made. Other varieties were not 
old enough to bear at the time this report was prepared. 
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correct according to the rule of priority. Bradshaw is now one of the 
leading varieties in the Eastern States. 

The fruit is medium to large and oval in shape. Skin is thin, 
somewhat tough, and of a dark, reddish-purple color overspread with 
a thick bloom.* Flesh is dull yellow, juicy, fibrous, tender, sweet, 
pleasant, good in quality. Stone is semi-free. It ripens early in 
August, is a good keeper, and ships well. It is very subject to brown 
rot. 


The tree is large, vigorous, somewhat bushy, hardy, and productive. 
It is late in coming into bearing. 


Bradshaw seems to be worthy of trial in West Virginia because of 
its good tree characters and large, attractive fruits. 


Reine Claude (Green Gage) 


EINE CLAUDE is the principal variety of a group of plums known 

as the Reine Claude group. Where it originated no one knows. 
The group has been recognized and described by pomological writers 
for three centuries. Its later history is better known. It was named 
after Queen Claudia, wife of Francis I of France, the fruit having 
been introduced into that country during their reign. The name Green 
Gage comes from the fact that it was introduced into England by the 
Gage family, prominent English horticulturists. Because of its great 
popularity it was brought to America by the early colonists. Reine 
Claude, the principal variety of the group, is one of the standard 
Green Gages grown in America. 

Fruit is medium in size, roundish-oval in shape. Skin is tough, 
yellowish green, becoming a golden yellow at full maturity, overspread 
with a thin bloom. The exposed side is often mottled with red. Flesh 
is greenish yellow to golden-yellow, juicy, firm, sweet, mild, and of 
the highest quality. Stone is semi-clinging. Fruit often cracks badly 
if rain occurs at ripening time. It ripens late in August. 


Tree is of medium size and vigor, round-topped, hardy, and pro- 
ductive, but seems to be quite susceptible to sun-scald. 

Reine Claude is a good variety for the local trade because of its 
high quality and productiveness. 


*A delicate, white, somewhat powdery substance on the surface of the fruit. 
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Tree is medium in size and vigorous, spreading, hardy, productive, 
coming into bearing early. It is quite free from blight. 

Winter Nelis is a variety that can safely be recommended for the 
home market. While the fruit is not attractive in appearance it makes 
up for it in high quality and generally sells for good prices. 


THE PLUM 


HE PLUM, like the pear, should only be planted in West Virginia 

by the grower catering to local market demands. Since West Vir- 
ginia is near the southern lmit of range for the growing of the Euro- 
pean plum there is a question as to whether it thrives well enough here 
to make it possible for us to compete with the northern plum districts. 
Certainly the varieties grown in the Experiment Station orchards at 
Morgantown are slower in coming into bearing than are the same 
varieties in Michigan and New York. Since varieties of the European 
plum can be grown at least fairly well, there really is little reason for 
the cultivation of the many varieties of native and Japanese plums. 
Most Japanese varieties bloom so early that they are killed by frosts. 


Varieties of Plums 


NUMBER of varieties are being tested. The list includes Abun- 

dance, Bradshaw, Burbank, Early Gold, French Prune,* German 
Prune,* Gold, Italian Prune,* Moore’s Artic,* Pearl, Pond,* Red June, 
Reine Claude, Satsuma, Shropshire Damson,* Stark Green Gage,* and 
Tatge. 


Bradshaw 


"THE ORIGIN of this variety is obscure. Some have believed it of 

American origin, but since it is identical with Large Black Imperial 
it must be of foreign origin. It was named and described by C. M. 
Hovey in 1846 in his Magazine of Horticulture with the following ex- 
planation: ‘‘For the want of a name to distinguish a very large and 
excellent plum, exhibited for three or four years in succession by E. E. 
Bradshaw, Esq., Charlestown, we have called it the Bradshaw plum.’’ 
Tt was really the Large Black Imperial, so the name Bradshaw is in- 


*Varieties in bearing upon which a report can be made. 


Phere ae 
old enough to bear at the time this report was prepared. Other varieties were not 
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correct according to the rule of priority. Bradshaw is now one of the 
leading varieties in the Eastern States. 

The fruit is medium to large and oval in shape. Skin is thin, 
somewhat tough, and of a dark, reddish-purple color overspread with 
a thick bloom.* Flesh is dull yellow, juicy, fibrous, tender, sweet, 
pleasant, good in quality. Stone is semi-free. It ripens early in 
August, is a good keeper, and ships well. It is very subject to brown 
rot. 


The tree is large, vigorous, somewhat bushy, hardy, and productive. 
It is late in coming into bearing. 


Bradshaw seems to be worthy of trial in West Virginia because of 
its good tree characters and large, attractive fruits. 


Reine Claude (Green Gage) 


EINE CLAUDE is the principal variety of a group of plums known 

as the Reine Claude group. Where it originated no one knows. 
The group has been recognized and described by pomological writers 
for three centuries. Its later history is better known. It was named 
after Queen Claudia, wife of Francis I of France, the fruit having 
been introduced into that country during their reign. The name Green 
Gage comes from the fact that it was introduced into England by the 
Gage family, prominent English horticulturists. Because of its great 
popularity it was brought to America by the early colonists. Reine 
Claude, the principal variety of the group, is one of the standard 
Green Gages grown in America. 

Fruit is medium in size, roundish-oval in shape. Skin is tough, 
yellowish green, becoming a golden yellow at full maturity, overspread 
with a thin bloom. The exposed side is often mottled with red. Flesh 
is greenish yellow to golden-yellow, juicy, firm, sweet, mild, and of 
the highest quality. Stone is semi-clinging. Fruit often cracks badly 
if rain occurs at ripening time. It ripens late in August. 


Tree is of medium size and vigor, round-topped, hardy, and pro- 
ductive, but seems to be quite susceptible to sun-scald. 


Reine Claude is a good variety for the local trade because of its 
high quality and productiveness. 


*A delicate, white, somewhat powdery substance on the surface of the fruit. 
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Shropshire (Damson) 


HROPSHIRE has been under cultivation for a long time, being an 
English variety which originated sometime in the seventeenth 
century. American writers of pomology did not mention it, however, 
until the nineteenth centry. It was recommended for planting by the 
American Pomological Society in 1875. 

Fruit is of good size for a Damson and is oval in shape. Skin is. 
thin, tender, of a purplish-black color covered with thick bloom. Flesh 
is yellow, juicy, firm, tart, and sprightly. Stone is clinging. It may be 
eaten raw when fully ripe, but its chief value is in its culinary quali- 
ties. It ripens in September. 

Tree is large, vigorous, hardy, and very productive. It is not so 
thick-topped as other Damsons. Leaves are very subject to leaf spot. 

Shropshire is probably the best known of all the Damsons and 
should be in every home market orchard. 


Italian Prune 


"THE ITALIAN PRUNE originated in Italy at least a century ago 

and is one of the common varieties. It was grown in England prior 
to 1831 since the catalog of the London Horticultural Society of that 
date lists it. William Prince described it a year later as being an ex- 
cellent prune recently introduced from Europe. It is now one of the 
most widely grown of all plums, a leading variety on the Pacific Coast 
as well as on the Atlantie. 

The fruit is medium in size and long-oval in shape. Skin is thin, 
somewhat tough, of a dark purplish color overspread with a thick 
bloom. Flesh is greenish yellow, juicy, firm subacid, and of very good 
quality. Stone is free. It ripens the latter part of September, and 
keeps and ships well. 

The tree is medium in size, vigorous, spreading, low-topped, comes 
into bearing quite early, and is productive. It seems to be somewhat 
sensitive to soils and does not stand dry, hot weather well. 

Italian Prune is popular because of the many good all-round quali- 
ties of its fruit. It is excellent when stewed and makes a very good 
canned product, and is one of the leading varieties in the prune grow- 
ing states of the Pacifie Northwest. When fully ripened it is excel- 


lent for eating raw. Italian Prune ean safely be planted for the local 
market in West Virginia. 
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STERILITY OF TREE FRUITS 


ANY of the varieties of tree fruits when planted in solid blocks 
set poorly or not at all, due to the fact that they are more or 
less self-sterile, that is, their own pollen will not fertilize them. This 
is particularly true of varieties of the apple, pear, 
Best Results plum, and sweet cherry. With such varieties ade- 
by Inter-Planting quate provisions must be made for cross-pollina- 
tion, if good crops are to be obtained. This is done 
by inter-planting varieties and where necessary, placing bees in the 
orchard to carry the pollen from one variety to another. Generally 
speaking, a row of the pollinator to four or five of the main variety 
will result in sufficient cross-pollination to set a crop provided, of 
course, bees are present in sufficient numbers. It should be emphasized 
that fruit pollen is not carried by the wind, but by insects, particularly 
bees. 
Many varieties of apple are self-fertile. 
Choose Varieties Grimes. Jonathan, Northwestern, York, Ben 
That Will Cross Davis, Transparent, and Wealthy, seem to be able 
to set enough fruit for a crop without cross polli- 
nation. Delicious sets poorly when planted by itself, while Black Twig, 
Winesap, and Stayman set poorly or not at all when planted alone 
in solid blocks. Grimes, Jonathan, Wealthy, and Transparent are 
good pollenizers for Delicious. The same varieties with the addition 
of Delicious are good pollenizers for Stayman and Winesap. Grimes 
does not seem to be a good pollenizer for Black Twig. A list of pol- 
lenizers for Black Twig would include Delicious, Jonathan, Wealthy, 
and Transparent. York may cross fertilize any of the above varieties, 
but generally blooms too late for best results. 
All the standard varieties of peaches are self- 
Most Peaches fertile except J. H. Hale. This variety conse- 
Self-Fertile quently must be planted close to others. All the 
well-known commercial varieties seem to be 
equally capable of fertilizing the J. H. Hale. 

Practically all varieties of sweet cherries are self-sterile. A few 
varieties are inter-sterile, that is, they will not cross-fertilize each 
other. The varieties described in this circular are more or less sterile, 
but will adequately cross fertilize. Tartarian is a particularly good 


pollenizer. 
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The varieties of Duke cherries are partially self-sterile. They will 
set a sufficient number, however, to insure a good crop under normal 
conditions. 

Few of the standard varieties of plums and pears are self-fertile. 
Shropshire Damson seems to set well when planted by itself, but Reine 
Claude, Bradshaw, and Italian Prune will set much better in mixed 
plantings. 

The varieties of pears, Bartlett, Keiffer, Seckel, and Winter Nelis, 
should be interplanted, if maximum crops are to be obtained. 
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Other bulletins and circulars published by the Experiment Station, 
College of Agriculture, which are of interest to orchardists and fruit growers 
include: 


Bul. 174, The Fertilization of Apple Orchards, I. 
Bul. 183, Fertilizing Peach Trees. 

Bul. 203, The Fertilization of Apple Orchards, II. 
Bul. 209, Dusting vs. Spraying in the Apple Orchard. 
Bul. 211, Hardiness of the Fruit Buds of the Peach. 


Bul. 214, Effect of Height of Head on Young Apple Tree Growth and 
Yield. 


Cir. 37, Fertilizing Peach Trees (Abstract of Bulletin 183). 
Cir. 54, Orchard Spraying in West Virginia. 
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Come to Morgantown 


An invitation is extended to West Virginia farmers and 
frwit growers to visit the experimental orchards of the 
College of Agriculture, West Virginia University, and in- 
spect at first hand the varieties of frwits described in this 
bulletin, as well as learn about results of various cultural 
methods, systems of pruning, and fertilization practices. 


Special Parties 


Those who come to visit the farms in small groups while 
passing through on a vacation or making a special trip can 
obtain a guide to show them over the farms and explain the 
experimental work by applying at the Horticulture office in 
the College of Agriculture (Oglebay Hall). 


Farmers’ Field Day 


Each year a Farmers’ Field Day is held during mid-sum- 
mer at the College farms. This occasion provides an ex- 
cellent opportunity to see the orchards in production and to 
learn of the experimental work being done. 


Farmers’ Week 


Another opportunity to visit the orchards and hear the 
latest discoveries discussed is afforded at the annual 
Farmers’ Week. Pruning demonstrations are usually 
given at this time, and other practical work such as making 
spray solutions, grafting, etc., engaged in. 


$$$ a 


Whether it suits you best to come in Summer or winter, on a 
special occasion or otherwise, come and avail yourself of the 
opportunities thus afforded. 


It Pays to Know 


Geel e of dollars are lost annually by 
West Virginia farmers because of lack of in- 
formation as to the best method of procedure in 
carying on their farm operations, or because of 
failure to apply the knowledge already gained. 


HY take chances? If you have some farm 

problem about which you are in doubt as 
to the best method of solution, why not consult 
your county agricultural agent? In case he is 
unable to give you the information and help 
needed, he will call on a specialist from the College 
for further aid. 


ANY bulletins and circulars have been pub- 
lished by the Extension Service and the 
Experiment Station giving helpful suggestions 
based upon experimental work which has been 
conducted to help you and your neighbors realize 
greater returns from your farming operations. 
Write for a list of available publications, and then 
request the ones of interest to you. They will be 
sent without cost and may prove quite valuable. 


“Let Your College Serve You” 


College of Agriculture 


W. Va. University Morgantown, W. Va. 
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EFFECT OF WINTER RATIONS ON PASTURE 
GAINS OF TWO-YEAR-OLD STEERS 


Abstracted by 
E. A. LIVESAY 


This Circular summarizes the most important results and recommenda- 
tions given in more detail, in West Virginia Experiment Station Bulletin 191 
by E. W. Sheets, R. H. Tuckwiller, and A. T. Semple, of the Bureau of Animal 
Industry, United States Department of Agriculture, and E. A. Livesay of the 
West Virginia Agricultural Experiment Station. Anyone desiring a copy of 
this bulletin may secure it upon application to the Director of the West Vir- 
ginia Agricultural Experiment Station, Morgantown, West Virginia. 


The finishing of beef cattle in West Virginia is similar to that 
in the remainder of the Appalachian region, where bluegrass fur- 
nishes the fattening rations. The majority of fat cattle shipped from 
the state are grass-fattened, three-year-old steers. These steers are 
bougnt from farmers located in the rougher sections of the same 
county or nearby counties, where the grass will not fatten heavy cat- 
tle. These cattle are bought during the summer as two-year-olds 
and as soon as their three-year-old steers have been shipped, which. 
is during the months of August and September, they are collected 
and grazed during the remainder of the grazing season. This fall 
grazing season extends well up into December in many sections of 
the state. The steers are then carried through the winter on approxi- 
mately a maintenance ration. These rations are composed mostly 
of common roughages, such as corn stover, hays and corn silage. 
In some cases small quantities of cut ear corn are fed in addition to 
the hay and stover roughages, and, in other cases, where corn silage 
makes up the majority of the roughage, either a small quantity of 
mixed hav or cotto’‘seed meal is fed. There is a portion of these 
men who still feed such feeds as corn stover and timothy hay. On 
many farms other feeds, such as silage and legume hay, would give 


much better results. 


OBJECTS 


The investigational work reported in Bulletin 191 was taken up 
with a view of securing information in regard to winter rations for 
two-year-old steers and their effects upon the pasture gains made the 
following season. These steers are classed as two-year-olds in the 
feed lot, but are three-year-olds when sold the following summer 
or early fall. 


DURATION OF EXPERIMENT 


This experiment extended over a period of three years, begin- 
ning in the early winter of 1919 and closing in the fall of 1922. The 
cattle were started on feed each year about December 25, and were 
turned to grass about April 27, or an average winter feeding period 
of 124 days. They were shipped to market each year during the first 
half of September. The average grazing period for the three years 
was 135 days. 


CATTLE AND DIVISIONS 


Sixty head of native two-year-old steers were used each year. 
They were considered to be from fair to good feeders, and were 
grade steers of Aberdeen-Angus, Shorthorn, and Hereford breeding. 

The steers were each year divided into six lots of ten steers 
each. The divisions were made according to beef type, size, and con- 
dition, so as to make all lots as nearly equal as possible. All steers 
were marked with neck straps and ear tags, and individual records 
were kept. 


WINTER FEEDS AND SHELTER 


The feeds fed were all home grown except the cottonseed meal, 
and were all of good physical quality each year with the exception 
of the mixed hay. While this hay was classed as mixed clover and 
timothy, it was approximately three-fourths timothy and the third 
season it was in poor condition, showing it had been cut too late in 
the season and was considerably bleached. Water and salt were kept 
before the cattle at all times. All lots were kept in pens in a large 
barn: 


PASTURE 


The cattle were all grazed on the same pasture each year. The 
pasture used is not classed as among the best fattening pastures in 
the section where the work was conducted. The pasture used was 
an average bluegrass sod with some white clover. 
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SUMMARY OF THREE YEARS’ WORK, 1919-1922 


The average winter feeding period lasted 124 days; the average 
summer grazing period 135 days; thus making the average annual 
period for the three years 259 days. 

TABLE I.—Summary of Rations, Weights, Gains, Losses, Costs, and 

Other Items for Each of the Six Lots.* 


“Lots 
I II Il IV V Vi 


Items Considered 


Number of steers per lot... 20.0... 10 10 10 10 104 10 
Average winter rations (lbs.): 
AVIA RINE Voth cet et ree ct et SA 18.3 ae = eee ee 1.3 
WW aS ET re ITS Se a pee oe neo ee AL ae oe ae 5.8 Bie 
Cormecilacop .oeette es.) 8) © se eee eS. 88/7. 20. 1. S48), 24:8 
UES hy COLT ee ee ee ee ie) aloes int se ae ae 
Cottonseed = meal 22. aa ee eee a0 1.5 1.0 
Average initial weights (lbs.).............. | 962 | 961 965 964 966 965 
Average spring weight (Ibs.)................ | 980 952 Pas03ms| 1200425052) 14024 
Average winter gains or losses (lbs.)..| 18 ! -9 66 50 86 59 
Average final weights on farm (lbs.)..| 1,292] 1,298] 1,314] 1,326] 1,310) 1,301 
Average summer gains (lbs.)_.W000000..... 312 346 283 312 259 277 
Ave. total winter-summer gains (lbs.) | 330 | 337 349 362 344 336 
Average cost of wintering......................| $22.88| $10.78] $14.40] $15.62] $14.85] $17.41 
Average weights at Jersey City; (lbs.)| 1,223] 1,189] 1,216] 1,227) 1,220] 1,199 
AVIGDLe Os hints 1 CDSs) pena ee ate! 71 75 75 5 61 80 
Average percentage drifty (lbs.).......... 5.5 5.9 5.8 5.8 4.7 6.3 
Average dressing percentagey ........... 55:61 56-9) >On biel |eta Geo |) 00.6 


*The cost of wintering is based upon the following costs of feeds: mixed hay $18.00 
per ton; wheat straw $7.00 per ton; corn silage $6.00 per ton; cottonseed meal $50.00 
per ton; and ear corn $0.70 per bushel. 

7For first and second year only. 

zOnly eight steers in 1920-21 as two died during the winter. 


DISCUSSION OF RESULTS 


Winter Rations and Gains or Losses 

From the data of Table I. it is shown that the average winter 
gains or losses for the three winters ranks as follows: Lot V., 86 
pounds; Lot III., 66 pounds; Lot VI., 59 pounds; Lot IV., 50 pounds; 
Lot I., 18 pounds, and Lot II., —9 pounds. This would indicate that 
a daily ration of 28.9 pounds of corn silage (Lot II.) is almost suff- 
cient to maintain two-year-old steers weighing 960 pounds, during 
a winter period of 124 days, and that the other rations used will pro- 
duce small gains over the same period. The gain being rather small 
in the case of Lot I., receiving a ration of 18.3 pounds of mixed hay 
and 2 pounds of cut ear corn, while the gains of Lots III, IV. and VI. 
are approximately equal, 66, 50, and 59 pounds, respectively. There- 
fore, the rations fed Lot III. (38.7 lbs. corn silage), Lot IV. (29.5 
Ibs. corn silage and 1.5 lbs. cottonseed meal), and Lot VI. (7.3 pounds 
mixed hay and 24.8 pounds corn silage), proved to be of about equal 
value in so far as winter gains are concerned. The ration fed Lot V. 
(5.8 pounds wheat straw, 25.25 pounds corn silage, and 1 pound of 
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cottonseed meal), proved superior to all other rations in so far as 
winter gains are concerned. 


Pasture Gains and Total Gains for the Year 


From the data of Table I. it is shown that winter gains on two- 
year-old steers are made ata loss to the pasture gains, because Lot II. 
made the greatest pasture gain (346 pounds) of any lot, while Lot V. 
made the smallest pasture gain (258 pounds). In other words, when 
-there is a difference in winter gains we can expect the steers making 
the lighter winter gains to make the heavier pasture gains. The total 
gains for the year do not differ materially, since the difference be- 
tween the lightest gains, made by Lot I. (330 pounds), and the heav- 
iest gains, made by Lot IV. (362 pounds), is only 32 pounds per 
steer. Had these steers been marketed one month earlier this differ- 
ence would have been much greater, as was shown by the weights of 
lots taken during the mid-summer. 

Cost of Wintering and Grazing 


Table I. gives the average cost of wintering each lot for the 
three years. However, there is such a variation in the cost of feeds 
from year to year, and even the same year in different sections of 
the state, that one hesitates in giving the cost of the various rations. 
The one thing which stands out in the cost of these rations is the 
value of corn silage in making up the major portion of the ration. 
Corn silage not only cheapened the rations, but when figured back 
to an acre basis it will carry many more cattle through the winter. 
The cost of grazing was identical for all lots and no attempt is made 
in regard to this cost item since it is variable even in the same 
locality and very variable in different sections of the state. All cost 
items should be calculated from an individual standpoint. 


CONCLUSIONS 


1. Corn silage alone is a very economical and satisfactory winter 
ration for two-year-old steers. A ration of mixed hay and cut ear 
corn is a very costly winter ration, in comparison to rations where 
corn silage makes up a large amount of the ration. 

2. Various winter feeds have little, if any, effect upon the gains 
made by two-year-old steers the tollowing summer on blue grass 
pasture. However, the amount of gains made during the winter 
feeding period has a direct bearing on pasture gains. Light winter 
gains as a rule mean heavier pas*ttre gains and vice-versa. 

3. A ration of about 30 to 35 pounds of corn silage, depending 
upon quality, will maintain 950 to 1,000 pound steers during a winter 
period of 124 days and is one of the most economical rations that 
can be fed. 


4. Itis a question of the time of marketing three-year-old grass- 
fat steers as to whether it will pay to feed a sufficient ration to pro- 
duce 50-100 pounds of gain during the winter feeding period. The 
fleshing of the cattle must also be taken into consideration. 

If three-year-old steers are to be carried on grass until the first 
half of September before marketing, it is not profitable as a rule to 
feed a ration which will produce from 50 to 100 pounds of gain, unless 
the cattle are in a very thin condition. 

If three-year-old steers are to be marketed from grass the latter 
part of July or the first half of August, the additional finish brought 
about by winter gains of from 50 to 100 pounds may be profitable. 

For late marketing of three-year-old steers from grass, it is bet- 
ter to winter them on as cheap a ration as possible, and feed this 
ration in an amount which will approximately maintain their weights 
during this period, unless steers are thin when the winter feeding 
begins. 

5. Steers wintered on corn silage will make just as rapid gains 
on grass as those wintered on dry roughages. 


Lot 1 at the Beginning of the Third Year’s Work; Winter Ration: Mixed 
Hay 15 Pounds, and Ear Corn 2 Pounds. 


Lot 1 at the End of the Third Year’s Work; Average Gain per Steer, 307 
Pounds. 


Lot 2 at the Beginning of the Third Year’s Work: Winter Ration: Silage 28 
Pounds. 


Lot 2 at the End of the Third Year’s Work; Average Gain per Steer, 378 
Pounds. 


Lot 3 at the Beginning of the Third Year’s Work; Winter Ration: Silage 36 
Pounds. 


aes at the End of the Third Year’s Work; Average Gain per Steer, 378 
ounds 


Lot 4 at the Beginning of the Third Year’s Work; Winter Ration: Silage 
30 Pounds, Cottonseed Meal 1.5 Pounds. 


Lot 4 at the End of the Third Year’s Work; Average Gain per Steer, 391 
Pounds. 


— 


Za 


Lot 5 at the Beginning of the Third Year’s Work; Winter Rations: Silage 
25 Pounds, Straw 6 Pounds, and Cottonseed Meal 1 Pound. 


Lot 5 at the End of the Third Year’s Work; Average Gain per Steer, 377 
Pounas. 


Group Picture Showing the Six Lots of Steers Shown 
Pictures at the End of the Summer Grazing Period. 


in the Preceeding 
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By E. C. SHERWOOD 


The loss every year from plant diseases amounts to many millions 
of dollars, yet it is probably safe to say that the nature of these diseases 
is not understood generally. Growers are usually content with mere 
information regarding the established methods for combatting the preva- 
lent diseases. Too often, however, they do not become concerned about 
control measures until serious damage is threatened. It is usually too 
late then to apply remedies, since most diseases must be prevented rather 
than cured. 

The great importance of this principle cannot be fully appreciated 
without a knowledge of the true cause and nature of fungous diseases. 
This circular has been prepared for the purpose of aiding the grower 
in acquiring such knowledge, and to give a better understanding of the 
underlying principles of plant disease control methods.* <A_ better 


“*The writer is indebted to Mr. C. H. Hanson, Specialist in Visual Education, Office of 
Cooperative Extension Work, United States Department of Agriculture, Washington, D. C., 
for the photographic work necessary in the preparation of the illustrations used in this 
circular. 
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knowledge of the principles which underlie our more common methods 
of controlling plant diseases will lead to their more intelligent applica- 
tion. 

A knowledge of the cause and nature of fungous diseases can best be 
obtained by means of special study with the aid of the compound micro- 
scope (See Figure 1). Objects viewed through this instrument are mag- 
nified hundreds of times so that many things which are ordinarily invis- 
ible can be seen readily. On account of the high magnification, very 
small objects only can be viewed through the microscope; consequently 
when the object is too large, it is usually studied by means of cross sec- 
tions. 

A loaf of bread may be used to illustrate the method of making cross 
sections. A slice is cut from the loaf and laid upon a table. By looking 
down at the slice, one sees a cross section of the loaf. In a simlar manner 
with the aid of a razor or appropriate instruments used in the labora- 


tory, very thin shees may be cut from plant parts for examination. In 


Fig. 1.—Using the Compound Microscope. 
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Fig. 2.—Cutting Thin Cross Sections of a Cucumber for Examination Under the 
Microscope. 


Figure 2 the operator is shown cutting a cross section from the end of 
a strip of cucumber with a razor blade. These minute slices are laid 
upon a glass slide which is then placed under the microscope. A view 
of the cross section of the cucumber is obtained by looking down through 
the tube of the instrument. Sections of other plant parts may be made 
and observed in a similar way. Such cross sections can be made so thin 
that, with the aid of strong light reflected through them, it is possible to 
see very small objects which might be contained within the interior of 
the plant tissue. 

Such methods of investigation reveal the fact that the causal agents 
of fungous plant diseases are really plants themselves; hence some means 
must be devised for their destruction if they are to be prevented from 
causing diseases. This cannot be done without a knowledge of their 
habtis of growth and the manner in which they affect other plants. 
The growth habits of such organisms are found to differ in many respects 
from those of ordinary plants. 

These differences are explained more easily if we consider first one 
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of the more famil- 
iar plants, such as 
the garden bean 
(see Firge 3), and 
learn how it is 
able to live and 
propagate itself. 
Observe that the 
plant body consists 
of roots, stem, and 
leaves, and that it 
produces a_ fruit 
called a pod. With- 
in the pod_ the 
beans or seeds are 
borne. It is com- 
mon knowledge 
that when a bean 
is planted, it germ- 
inates and _ pro- 
duces a new bean 
plant. After a per- 
iod of growth the 
plant again pro- 
duces seed. 

No growth ean 
take place, how- 
ever, without a 
supply of food. 

Fig. 3-—The Garden Bean. The manner in 
which such plants as the bean are able to obtain their food is convenient- 
ly illustrated by the diagram shown in Figure 4. The roots absorb 
water and other food materials from the soil; these are then carried up 
through the water vessels of the stem and spread out through the leaves 
by means of the veins. Water taken from the soil is carried up to the 
leaves where it is combined with carbon dioxide which comes from the 
air. As a result sugars and starches are formed. This building up of 
food materials is accomplished by the green-coloring matter of the leaves 
through the agency of sunlight. This green-coloring matter is known 
as chlorophyll, and plants which possess it, by using the energy of sun- 
light, are able to manufacture their own food and lead an independent 
existence. 
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For the next step, let us consider a common toadstool(see Figure 5). 
At first glance the toadstool appears to be similar in its general form to 
that of the bean plant. Below the ground line are structures which ap- 
pear to be roots, whereas above these arises a stem which is expanded at 
the top into a eap. 

There are very important differences, however, between the two 
plants. The rootlike structures are not true roots, but really form the 
principal parts of the plant body. The toadstool above the ground, 
which is the only part of 
the plant usually seen, is in 
fact a fruiting structure, 
the cap of which corre- 
sponds rather roughly to 
the pod of the bean. 

In the next illustration 
(see Figure 6) a part of 
the cap is eut away to show 
the gills, and a portion of 
one of the gills is shown 
highly magnified. Observe 
that each projection from 
the sides of the gill has 
four tiny stalks at the tips 
of which small oval-shaped 
bodies are attached. These 
are the seed bodies of the 
toadstool. Each one of 
these, if planted in the 
proper place, and subject- 
ed to suitable conditions 
of temperature and mois- 
ture, will germinate and 
produce a new toadstool 
plant. After a period of 
growth, the fruiting struc- 
ture, or toadstool, is again Fig 4 piagram Illustrating Passage of Water 
developed and a new crop’ and Other Food from Roots Throughout a 
of seed bodies is produced. P!@nt. 

Thus, in one important respect, the toadstool plant is similar to the bean 
plant, since it produces a fruit and ‘‘seed.’? These ‘‘seeds’”’ are quite 
different from those of the bean, however, and are called spores. 
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Fig. 5.—Stages of Development of the Toadstool. 
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Fig. 6.—Toadstool Spore Production. 


The question that now arises is how the toadstool obtains food for 
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growth. No part of the plant corre- 
sponds to the leaves of the bean, and 
no part of the plant contains any of 
the green-coloring matter necessary 
for food making. The plant, there- 
fore, is unable to make is own food 
and consequently must obtain it 
from a supply already at hand. This 
is usually in the form of decayed veg- 
etable matter. The real body of the 
toadstool plant consists merely of a 
mass of threads, or strands, which are 
seldom noticed since they grow be- 
neath the surface of the material upon which they live. These strands 
have the power to absorb this prepared food from the decayed matter. 
The toadstool belongs to a group of plants known as fwngi which, on ac- 
count of the lack of green-coloring matter, cannot make their own food. 


After Bergen and Davis 
Fig. 7.—The Puffball. 


A very similar type of fungus is commonly known as a puffball (see 
Figure 7). Like the toadstool, the part seen above ground is the fruit- 
ing structure, and the fungus body is in this case below the surface of 
the ground growing upon some sort of decayed matter. It is common 
knowledge that when the puffball is ‘‘ripe’’ it is filled with a very fine 
powder. If the ripe puffball is suddendy compressed, a dense cloud of 


Fig. 8.—Puffball Spore Discharge When Compressed. 
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Fig. 9.—A Mold Plant. 


this dustlike powder is forced out through the openings in the surface 
(see Figure 8). Microscopie examination shows that each one of these 
particles is a spore of the puffball fungus. Immense numbers of these 
spores are produced. It has been estimated that there are enough in 
one puffball to produce, under favorable circumstances, a new fungus 
on every square foot of an area the size of the state of Indiana. 


Let us now extend our observations to include one of the common 
mold plants (see Figure 9). This type of plant is generally found e2row- 
ing upon damp bread, manure heaps, and other masses of decaying mat- 
ter. Although to the naked eye it appears as a shining cobweb-like mass, 
it is seen when greatly magnified to consist of a large number of strands, 
or threads, which have great regularity in their habit of growth. No 
part of the plant has any resemblance to roots, stem, or leaves. It does 
not contain any green-coloring matter and, therefore, must obtain all its 
food from the material upon which it grows. Arising from the central 
or older region of the growth are the fruiting structures, at the tops of 
which small spore cases are borne. One of these is shown still more 
highly magnified and the interior is seen to be closely packed with small 
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oval-shaped bodies. These are the spores of the fungus, any one of which 
is capable of germinating and producing a new mold plant. 

With the exception of certain forms of plants which are found in 
the water, we have now considered types of most of the different kinds 
of plant forms which ordinarily come within the range of common ob- 
servation; but beyond these limits there is still a great number of forms 
of plant life that are often unrecognizable as such . In wheat fields dur- 
ing the early part of many seasons, numerous small masses of reddish 
powder may be seen on the green parts of the plants. This material is 
easily rubbed off, and to the unaided eye it appears to be merely a sur- 
face coating of powder. If a small section of leaf containing one of these 


small masses is observed with the microscope, however, it is found that 
upper 
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Fig. 11.—Leaf Structure of a Green Plant. 
the covering of the leaf has been ruptured, and that the powder has been 
forced through the opening (see Figure 10). 

Though these dustlike particles are so small that they cannot be 
seen with the naked eye, they are found when sufficiently magnified to 
resemble tiny seeds borne at the end of small stalks. It is evident that 
this powder consists of genuine plant structures, but is certain that they 
are not a part of the wheat plant. In fact, they are the spores belonging 
to a fungus, the body of which consists of numerous colorless threads, 
or tubes, which grow about among the tissues of the wheat plant. Now, 
these fungous threads have the power to absorb juices from the growing 
plant. These juices contain food which has been manufactured in the 
wheat plant for its own use from the materials obtained from the air and 


soil. Thus, this fungus lives entirely upon the food which is made by 
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the wheat. Sinee it obtains 
its food from a living plant, 
such a type of fungus is eall- 
ed a parasite. The plant on 
which it grows is known as 
the host. In the process of 
their growth parasites in some 
way injure the host plants. 


E=) 


In general terms such injur- 
ious effects are called diseases. 
On account of the resem- 
blanee of the spore masses to 
iron rust, this disease of 
wheat is commonly known as 
rust. 


From Allen and Gilbert 
Fig. 12.—Germination of Corn. 


The question may now 
arise, how is it possible for a fungus to live and develop its body within 
the plant tissues. A greatly enlarged view of a section of a leaf shows 
that the interior is made up of a large number of small divisions called 
cells (see Figure 11). These cells are somewhat irregular in shape and 
are loosely arranged, leaving many openings between them. Sinee the 
fungus threads are much smaller than the openings, they can easily 
twist about among the cells. Some of the fungi can actually grow 
through the walls of the cells. Many fungi kill the cells in the process 


breathing germ tube 
pere 


ez germinating 


surface of spore 


leaf y 


Fig. 13.—Cross Section of Leaf Showing How a Fungus May Enter a Plant. 


12 W. VA. AGR’L EXPERIMENT STATION [Circular 41 


of their growth, hence the appearance of various rots, spots, blights, and 
rusts, known as plant diseases. 

On the lower surface of the leaf may be observed openings through 
the skin, or epidermis. These are the breathing pores through which air 
penetrates to the interior. It has been previously explained that the 
carbon dioxide of the air is an essential plant food material. 

The next question that may arise is how the fungus is able to become 


established within the plant tissue. Let us consider first how a common 
field plant becomes established in the soil (see Figure 12). When a 
grain of corn germinates, the young root breaks through the seed cov- 


cK 


Fig. 14.—Powdery Mildew on Lilac Leaves. 
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Sie Seale ea of a Leaf Showing Surface-growing Habit of a Powdery Mil- 
ew. 

ings and grows downward, regardless of the position in which the grain 
might have been placed in the soil. Soon the young root begins to 
branch and, as growth progresses, secondary roots arise, until finally a 
large root system is developed in the soil. A young shoot also breaks 
through the seed covering and pushes its way above ground. The grain 
contains sufficient food for the seedling until its roots become established 
and the shoot is already beginning to turn green, due to the development 
of the chlorophyll. 

The next illustration(see Figure 13)shows how a fungus can gain 
entrance into plant 
plant tissue. This 
view is greatly en- 
larged since the pro- 
cess is not visible to 
the unaided eye. 
Spore germination 
merely consists in 
sending out a sprout, 
or germ tube. The 
germ tube of this 
spore has grown along 
the surface of the leaf 
until it has come to Fig. 16.—Sucker of a Mildew Fungus Penetrating the 
one of the breathing Surface Cell of a Leaf and Absorbing Nourishment. 
pores. There it has (Comell Bul. 328.) 


<— fungous thread 


sucker 
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pushed through the opening into the air chamber below. Branching 
soon takes place and the growing threads twist about among the plant 
cells from which food is obtained. Growth progresses until a dense net- 
work of fungous threads is formed within the leaf. The germ tubes of 
some fungous spores can penetrate the covering of the leaf without hav- 
ing to pass through the breathing pores, while others are unable to ob- 
tain entrance into the interior portions of the plant unless the outer cov- 
ering is damaged in some way. 


Just as in the case of the corn, the spore furnishes food sufficient for 
the growth of the young fungus until it develops to the point where it is 
able to obtain its food from the plant cells. Both the seed and the spore 
require moisture for germination. Being covered with soil, the seed is 
well protected from the drying action of the sun and air. The spore, 
however, does not usually fare so well and death will result if a sufficient 
supply of moisture is not continuously present for growth long enough 
for the germ tube to reach the interior of the leaf. This explains why 
several days of continuous damp weather make conditions so favorable 
for the spread of most fungous diseases and why the popular belief has 
arisen that the weather causes diseases. 


| 


Fig. 17.—Potato Field Showiny Plants Affected with Late-blight. 
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Fig. 18.—Growth Habit of Potato Late-blight Fungus. 


As with our more familiar plants, fungi differ greatly in their habits 
of growth. The following illustrations are given to show how widely 
different are the life habits of some of the fungi which cause important 
plant diseases, and to show how disease-control measures are devised. 
They also serve to emphasize the fact that the control methods recom- 
mended are founded upon scientific investigations. 


Lilaes are commonly affected with a disease known as powdery mil- 
dew (see Figure 14). Roses are often affected with a similar mildew 
which covers the leaves and young shoots, injuring and often curling the 
leaves and deforming the stems. When a small section of a leaf affected 
with a mildew of this type is greatly enlarged (see Figure 15), it is found 
that the disease is caused by a fungus which grows only upon the sur- 
face, merely sending into the outer cells small rootlike suckers by means 
of which nourishment is obtained. Note the corner surface cell, indicated 
by the arrow, that has been penetrated by the absorbing sucker. This 
cell is shown still more greatly enlarged in Figure 16. Such an absorb- 
ing sucker, called a haustorium, comes in direct contact with the contents 
of the plant cell. The food which it absorbs is carried into the fungous 
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Fig. 19.—Potato Late-blight Tuber Rot. 


thread and used by the fungus in the process of its growth. Control of 
a disease of this type is easily accomplished by spraying or dusting with 
some material which will kill the fungus, yet not injure the plant upon 
which it grows. Such a material is called a fungicide. 


A fungus having a different growth habit causes an important dis- 
ease of potatoes known as late-blight (see Figure 17). Examination of 
a greatly enlarged section of a diseased potato leaf (see Figure 18) shows 
that the organism in this case grows within the tissue. Some of the 
fungous threads may be observed among the cells of the edge of the leaf 
shown in cross section. During the process of growth, the fungous 
threads destroy the cells with which they come in contact and, as the 
fungus spreads through the tissue, the effect upon the plant is seen in 
the form of a blight. Fruiting stalks grow out into the air, principally 
from the lower surface, and mature spores are soon produced. The 
spores are shed as soon as mature, and the fruiting stalks continue 
growth for a time, bearing a succession of spores. Fruiting stalks and 
spores are seen in the illustration in various stages of development. 


These spores are distributed over the plants in various ways. If 
moisture is present, they promptly germinate, set up new infections, and 
another crop of spores is soon developed. The whole time necessary for 
this complete process is only about ten to fourteen days if the weather 
is favorable. Since this procedure is continuous and immense numbers 


of spores are produced, it is not surprising that the blight develops with 
exceedingly great rapidity. 
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Some of the spores fall upon the ground and, upon being washed 
through the soil by rains, come in contact with the potatoes. The re- 
sulting infection causes the well-known late-blight rot of the tubers (see 
figure 19). The fungus can overwinter in the diseased tissue. "When 
such diseased potatoes are planted, the fungous threads grow into the 
young sprouts and are carried up with them as they develop. Upon be- 
ing exposed to proper conditions, the organism begins to fruit. From 
small centers here and there through the patch the disease may soon 
become general and destructive. 

It should be clear from this study that spray materials applied to 
the plants serve only to kill organisms when they fall upon the surface 
and eannot be expected to destroy fungi which are growing within the 
interior of the tissues. Anything, at least as far as known at the present 
time, that could reach the fungus and kill it wouid also destroy the plant. 
Hence, methods to control diseases caused by such parasites must be 
directed toward preventing the fungus from ever becoming established 
within the plant. This is accomplished by spraying, provided the appli- 
eation is made before the spores can germinate and send their germ 
tubes into the interior. It is important, therefore, to spray before the 
spores reach the plant, since they are capable of germinating and infect- 
ing the plant within a few hours. 

The next diagram (see Figure 20) represents a cross section of a 
tomato leaf affected with the disease known as Septeoria left spot. The 
fungus which causes this disease produces its fruiting structures in the 


upper 
surface 
of leaf ——> 


Fruiting 
structure 


spores 


lower surface 
of leaf——_>& 


Fig. 20.—Spore Production of the Tomato Leaf-spot Fungus. 
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Fig. 21.—Apple Scab on Fruit (After Wallace.) 


interior of the leaf. 
In the cross-se¢tion 
view, the fruiting 
body appears to be 
only an opening, 
but in reality its 
shape is very much 
like a flask /Dhe 
long cylindrical 
spores are borne on 
very short stalks 
erowing from the 
inner wall. The 
fruiting body is 
packed full of these 
spores and when 
mature, they are 
discharged through 
a small opening at 
the surface of the 


leaf. Carried by various ways to other leaves, the spores germinate upon 


Fig. 22.—Apple Scab on Leaves (After Wallace). 
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Fig. 23.—Section of Leaf Showing Winter Fruiting Bodies of the Apple-scab 
Fungus. 


the surface of the plant. The germ tubes must penetrate the outer cov- 
ering to cause infection. Spores developed in the latter part of the sea- 
son live over winter in the old diseased vines. When carried to the grow- 
ing tomato vines in the spring, germination and infection take place. 


The next illustration (see Figure 21)shows the appearance upon the 
fruit of the important disease of the apple known as scab. The loosening 
and uplifting of the skin caused by the growth of the fungus gives the 
appearance of a whitish papery band around the darker central portion 
of the spots. The fungus which causes this disease is found to have a 
complicated life history, inasmuch as two kinds of spores are produced. 


It is also important to note the appearance of the disease on the 
leaves (see Figure 22), since they serve to carry the fungus over the 
winter. After the diseased leaves have fallen and begun to decay, the 
fungous threads grow through the leaf tissue and winter fruiting bodies 
begin to form. These fruiting bodies are almost spherical in shape and 
are embedded in the tissue of the leaf, usually protruding sufficiently 
to form small dome-shaped pimples on the surface. These pimples are 
sometimes large enough to be easily visible to the unaided eye. 

The next illustration (see Figure 23) is an enlarged view of a por- 
tion of a leaf containing several of these structures. Three of them are 
shown protruding far enough to be visible on the surface. The cross- 
section view of the edge of the leaf shows the location of the fruiting 
body in the tissue. 
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Fig. 24.—Cross Sec.ion of Winter Fruiting Body of the Apple-scab Fungus. 


A very highly maerificd view of a cross section of one of these fruit- 
ing bedies (see fie e 24) shows that within the structure there are a 
number of elongated sacks, or tubes, attached to the wall, and that with- 
in these the winter spores are borne. These spores become mature in 
the spring about the time the blossom buds of the apple trees are open- 
ing. During the first rainy period after maturity, the spores are forci- 
bly discharged into the air from the fruiting body and, being extremely 
light, are carried by air currents to the opening buds. The spores do not 


all mature at one time, hence discharges may take place after each rain 
for a month or more. 


The spores germinate by putting out a germ tube which very soon 
penetrates the surface covering of the leaf or fruit, thus establishing in- 
fection. The germ tubes develop into a dense system of branching 
threads, but the entire growth at this time is almost entirely just under 
the skin (see Figure 25). Within about two weeks a cushion-like growth 
is formed, from which arises short stalks. These are pushed through the 
ruptured skin and bear the summer spores. These spores mature very 
rapidly and, when earried to other leaves and fruits, produce new seab 
spots. Successive crops of summer spores are thus developed during 
the season; the quantity of spores and the rapidity with which they are 
produced depending on conditions of moisture and temperature. The 
scab-infested leaves then serve to carry the fungus over the winter again. 
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Let us now consider how control measures for this disease are based 
upon the life history of the fungus. It should be observed that after 
infection takes place from the first discharge of winter spores, the devel- 
oping leaves and fruit are exposed for some time to fwo sources of infec- 
fection,—winter spores from the old leaves, and summer spores from new 
diseased areas. The foundation for the successful control of scab, there- 
fore, hes in preventing infection from the first discharge of winter spores. 
To aecomplish this, the first spray must be applied in advance of the 
first spore discharge. Then, if protective sprays are given at proper in- 
tervals during the period winter spore discharges occur, little trouble 
will be experienced from later infections caused by summer spores. 

Another very important disease of the apple (see Figure 26), known 
as cedar rust, or apple rust, is caused by a fungus which has a still more 
compheated life history, inasmuch as it requires another kind of plant, 
the red cedar, for one stage of its existence. Consequently, there can be 
no apple rust unless the cedar is present in the same locality. 

The greatest damage from this disease, however, is usually due to the 
effect on the leaves (see Figure 27), since they are often so generally and 
severely affected that much premature dropping occurs. 

The next illustration (see Figure 28) shows a highly magnified 
eross section through one of the rust spots on the leaf. The spores of the 
rust fungus are produced in cup-shaped fruiting bodies on the under 
surface of the leaf. When mature, the fruiting bodies open and dis- 
charge their spores. These spores are incapable of causing infection on 


ue funqous growth 


Fig. 25.—Summer Spore Production of the Apple-scab Fungus. 
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Fig. 26.—Cedar Rust on Apple. 


any part of the apple, but when carried by wind to the red cedar, they 
germinate, set up infection, and the result of the fungus growth is to 
cause the formation of galls known as cedar apples (see Figure 29). 
These galls develop 
very slowly, however, 
and do not reach full 
size until the second 
fall after the spores 
from the apple leaf 
are carried to the 
cedar. The next 
spring, then, small 
brown horns push out 
over the surface. Un- 
der the influence of 
the spring rains, 
these horns become 
greatly swollen and 
x have the appearance 
of jelly-like tendrils 
(see Figure 30). 


| 
| 
4 
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Fig. 27.—Cedar Rust on Apple Leaves. 
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Fig. 29.—Cedar Galls. 


the air. Now, these 
spores can not in- 
fect the cedar, but 
when carried to 
the apple trees by 
air currents, are 
capable of germin- 
ating and repro- 
ducing the disease 
upon the leaves 
and fruit. 

In considering 
the life history of 
this fungus from 
the standpoint of 
the control of 


If a highly magni- 
fied section of one of 
these little horns is 
observed (see Figure 
31), it is found to be 
composed of another 
kind of spores. These 
appear as small black 
objects in the illus- 
tration, and it should 
be noted that they 
are attached by 
means of long stalks. 
They do not become 
detached, but germ- 
inate in the jelly-like 
substance just as they 
are situated. A pecu- 
liar germ tube is first 
produced, and upon 
this another kind of 
spore is developed. 
These, when mature, 
are discharged into 


dj 


Fig. 30—Cedar Gall Sen 
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Fig. 31.—Section of Swollen Spore Horn of Cedar Gall. 


the disease on the apple, it might be thought that the application of 
sprays would be effective. Experiments have shown, however, that for 
various reasons spraying is not practical. The simplest and most effec- 
tive way to protect the apple crop is to eradicate the red cedar from the 
immediate neighborhood. 


A very common disease of wheat is known as ball smut, stinking 
smut, or bunt (see Figure 32). When the diseased plant heads, smut 
balls are produced instead of wheat grains. These smut berries, or balls, 
are smaller than normal grains and are filled with a fine dark-brown 
powder. When some of this powder is highly magnified, it is found that 
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each particle is a spore of the smut fungus (see Figure 33). There are 
about as many spores in a single smut ball as there are grains in five or 
six bushels of wheat. 

In the process of treshing many of the balls are broken. The loose 
spores lodge upon the normal grains, to which they adhere, and are thus 
carried with them when the wheat is planted. The same soil conditions 
that cause the wheat to sprout also cause the spores to germinate. The 
germ tube thus produced is the first stage of the smut plant in the soil. 
This stage never 
infects a seedling 
direct but, when it 
becomes £ ub Lak 
grown, it gives rise 
to the secondary 
spores. F'rom these 
arise infection 
threads, which 
penetrate the shoot 
of the young wheat 
seedling and reach 
the growing point. 
Here the fungus 
threads keep pace 
with the growth of 
the plant, but give 
little or no exter- 
nal evidence’ of 
their presence un- 
til the wheat be- 
gins to head. Then 
the threads grow 
into the young de- 
veloping kernels 
and there begins 
the formation of 


the spores which 
reach maturity 
i! about harvest time. 


It is evident 


Fig. 32.—Stinking Smut of Wheat. thaticas (ise t 
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to injure the grain. Fig. 33.—Smut Spore Germination. 


General Control Measures 

It should now be clear that rational methods for plant-disease con- 
trol, as well as their intelligent application, must be based upon a proper 
knowledge of the life histories of the causal organisms. Each method 
has its limitations, however and sometimes a combination of several 
methods is required to combat the attack of a single fungus. No method 
ean be expected to give perfect control, but any failure to obtain satis- 
factory results is due to some misapplication of method or material. In 
following any control measures recommended, the practice of general 
sanitation should never be disregarded. Since it is seldom possible to 
cure diseased plants, our efforts are usually directed toward preventing 
infection. The more common disease-control methods and the principles 
upon which they are based may be summarized as follows: 

Quarantine.— One of the first questions often asked is, ‘‘ Where did 
the disease come from?’’ This often leads to discussion of the spread of 
plant diseases and injurious insects from one country to another and 
from place to place in the same country. As a check to the spread of 
plant diseases we have various quarantine activities. The Federal Plant 
Quarantine Act of August 20, 1912, empowers the Secretary of Agricul- 
ture to prohibit or regulate the entry into this country of foreign plants 
and plant products that may carry or are infected with new and danger- 
ous pests, either insect enemies or plant diseases. In the accompanying 
illustration (see Figure 34) inspectors of the Federal Horticultural 
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Board may be seen at work. The act also empowers the Secretary of 
Agriculture to establish and maintain quarantined districts within the 
United States for the purpose of preventing the spread of plant enemies 
or diseases which may have gained local foothold, and to cooperate with 
the state in measures looking to the extermination of such pests. 

The enforcement of the Federal Plant Quarantine Act has prevented 
the entry of a very large number of new pests of the farm, orchard, and 
forest. The number of foreign pests which have been intercepted with 
plant and plant product importations at various ports of entry makes 
a list of many thousands, covering a range of hundreds of new pests. 

Seed Disinfection—.This method is designed to prevent infection by 
killing the organisms which rest upon the seed or are carried within 
them. This is accomplished by heat or certain disinfecting chemicals, 


such as formaldehyde, corrosive sublimate, copper sulphate, and copper 
carbonate. Appropriate treatments are applied to such seeds as cotton, 
watermelon, cucumber, cabbage, and tobacco; to potatoes, sweet potatoes, 
and certain bulbs; and most of the grains are treated before planting. 
Figure 35 shows a method of treating seed oats with formaldehyde to 
prevent smut. 


Fig. 34.—Federal Horticultural Board Inspectors at Work. 
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Fig. 35.—Treating Seed Oats for Smut. 


Seed Selection—This method is employed for two purposes. In 
seeds, such as beans, corn, and potatoes, certain disease organisms hiber- 
nate in such manner that disinfection is not effective. Also, some seeds 
cannot be treated by any known means without causing considerable in- 
jury. In such eases, however, it is often possible to select seed which is 
free from the organisms and thus avoid infection. Resistant strains can 
also be secured by seed selection followed by proper plant. breeding 
work. Frequently, seed selection affords only partial control and must 
be supplemented by other methods. Figure 36 shows inspectors examin- 
ing a field of potatoes which has been grown for seed. This examination 
is being made to determine whether the field is sufficiently free from dis- 
ease to be suitable for seed purposes. 


Soil Disinfection.— The object of this method is to destroy certain 
organisms which are harbored in the soil, and which usually infect the 
stems, roots, or other underground parts. This method is employed 
principally in greenhouses, or for limited areas used as plant beds. Heat 
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Fig. 36.—Selecting Disease-free Potatoes. 


and chemicals, such as formaldehyde, are the agents generally used for 
this purpose. Lime is effective in preventing club root of cabbage and 
related plants, and inoculated sulphur has rather recently been shown 
to reduce damage from potato scab, at least under some conditions. Soil 
treatment must, in some instances be supplemented by other methods 
in order to be fully effective. A method of disinfecting soil in a tobacco 


plant bed with steam is shown in the accompanying illustration (see Fig- 
ure 37). 


Application of Fungicidal Sprays.—By this method, disease produc- 
ing organisms are destroyed by fungicides in the form of dusts or sprays 
applied to living plants. The accompanying illustration (see Figure 38) 
shows a method of spraying apple trees with a power sprayer. The most 
commonly employed fungicides have as their essential constituent either 
some form of sulphur or copper, usually combined with lime. Combina- 
tions of lime and sulphur make the well-known lime sulphur sprays and 


dusts, while those of lime and copper sulphate produce Bordeaux mix- 
ture or Bordeaux dusts. 


The application of a fungicide to a plant is generally for the pur- 
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pose of protecting it from an attack of a fungus. Sometimes, as in the 
ease of the peach leaf-curl, strong fungicides are applied to kill superfi- 
cial organisms hibernating on the dormant plant. Likewise, in the case 
of some of the powdery mildews, dusting or spraying is beneficial be- 
cause of the direct killing action of the fungicide upon the superficial 
growth of the fungus. 


In the great majority of instances, however, fungicides are applied 
with a view to covering a healthy plant which is thus to be kept in a 
healthy condition; consequently, protective sprays should be given be- 
fore the attacking organisms are expected to make their appearance. 
Sprays are usually given at intervals of from ten to fourteen days 
throughout the danger period in order to meet the needs occasioned by 
new growth; however, special rules must govern special cases. On a 
small scale spraying is frequently done with the compressed-air type of 
sprayer (see Figure 39). 

Rain is frequently an important factor to be considered in connec- 
tion with spraying. Spore production usually takes place most abund- 
antly during rainy weather, and moisture is necessary for spore germ- 
ination; hence, for effective protection, sprays should be given in ad- 


Fig. 37.—Disinfecting Soil in Tobacco Plant Bed with Steam. 
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Fig. 38.—Spraying Apple Trees with Power Sprayer. 


vance of rainy periods. If the spray has time enough to dry, it is not 
easily washed off by ordinary rains. 


Eradication.—Sometimes the diseased plant may be completely re- 


moved, thus eliminating danger of infecting others. This has been sue- 
cessfully done as a means of controlling peach yellows and citrus canker, 
In other instances, as is in the case with some of the apple cankers, sat- 
isfactory control may be obtained by cutting out the diseased part and 
applying a fungicide. An interesting type of eradication is that involv- 
ing the removal of alternate or complementary hosts. In some instances, 
as in the case of apple rust, the red cedar is absolutely essential for the 
perpetuation of the parasite. In the case of wheat rust the barberry, 
while not essential for the propagation of the fungus in some sections, 
oftentimes serves to give the parasite a much wider range of infection. 
Such complementary host plants should be removed from the vicinity 
of the crops. The accompanying illustration (see Figure 40) shows a 
farmer engaged in destroying barberry bushes by the application of salt. 
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Crop Rotation.—.A number of fungus diseases reappear year after 
year on account of the fact that the soil becomes contaminated with the 
causal organisms. Constant growth of the same erop in any locality 
tends to inerease the contamination. Suitable rotations prevent many 
of these diseases from becoming destructive, since they hinder the multi- 
plication of the parasites. 


Resistant Varieties— There is much difference among different 
varieties in their susceptibility to diseases. In many instances by judi- 
cious selection of resistant varieties serious loss may be prevented. In- 
dividual plants of 


F : 


the same variety 
are seldom equally 
susceptible to dis- 
ease and advan- 
tage has been taken 
of this to select 
and breed resistant 
strains of such 
crops as cotton, 
cabbage, water- 
melon, and toma- 
toes. This method 
is at present the 
best means of con- 
trolling some of 
our most destruc- 
tive plant diseases. 
Figure 41 shows 
the results obtain- 
ed by selection for 
resistance to the 
Fusarium wilt of 
the tomato. In the 
row to the left of 
the center an ordi- 
nary commercial 
strain of the Great- 
er Baltimore vari- 
ety was planted. 


j h 
Practically all the Fig. 39.—Spraying Potatoes with a Compressed-air 
plants wilted and — gprayer. 
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Fig. 40.—Destroying Barberry by Use of Salt in Effort to Control the Black 
Stem-rust of Wheat. 


died before the fruit was ripened. in the row to the right, a disease- 
resistant strain selected from the same variety was used. While the soil 
was just as heavily infested with the wilt fungus, a full crop was ob- 
tained. 


As crops are grown more intensively on the land the opportunities 
for damage from plant disease increases. With this increase, however, 
the knowledge of the causal organisms is constantly growing. Based on 
this knowledge appropriate control measures, such as quarantine, seed 
disinfection, seed selection, soil disinfection, application of fungicides, 
removal of alternate or complementary hosts, erop rotation, and resis- 
tant varieties are gradually being worked out with the result that the 
farmer can continue to produce profitably crops of good quality. 
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(Su) 
ry 


One who understands the true cause and nature of fungous 
diseases of plants and the principles upon which control measures 
are based will realize the importance of following carefully and 
consistently methods recommended. Those interested in the appli- 
cation of specific control measures for diseases of the various crops 
should refer to special publications of the state agricultural experi- 


ment stations and of the United States Department of Agriculture. 


Circular No. 269, How to Raise the Community Score by Con- 
trolling Insects and Fungous Diseases, and Circular No. 36, Orchard 
Spraying, have been prepared especially for use in West Virginia 
and may be obtained upon application to the College of Agriculture 
at Morgantown. Special publications dealing with the diseases of 


most common crops may be obtained free of charge from the United 


States Department of Agriculture, Washington, D. C. 


Fig. 41.—Tomato Plants Showing Resistance and Susceptibility to Fusarium 
Wilt. 


Fig. 42.—With a Knowledge of Plant Diseases and the Application of Control Measures Based on Scientific Principles 
the Farmer Can Produce Profitably Crops of Good Quality. 
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fee DING DAIRY COWS 


WEIGHING FEED IS AN IMPORTANT STEP IN SUCCESSFUL FEEDING 


By 
H. O. HENDERSON and JAMES V. HOPKINS 


RULES FOR FEEDING DAIRY COWS 


1.--Feed all the roughage that the cows will eat up 
clean. Legume roughage is best. 


2.--Be sure the ration is properly balanced. Then 
feed the grain mixture in proportion to the milk 
yield. For the average herd, feed one pound of 
grain for each 3'4 pounds of milk produced. A 
variety of grains in the mixture is desirable. 


3.--Feed some succulent feed such as silage or roots. 


4.--During the dry season of the year supplement 
the pastures by feeding silage or some green 
crop together with a little grain. 


5.--If the cows show a tendency to become fat, 
reduce the amount of grain or roughage or 


both. 


6.--Give the cows an abundance of pure water. 


7.--Feed regularly and give access to salt daily. 


FEEDING DAIRY COWS 


The average dairy cow in West Virginia produces only 2980 pounds 
of milk and 160 pounds of butterfat per year, which is entirely too low. 
This production can be increased best by two methods, first, by the use 
of better cows, and second, by giving the cows already at hand better 
feeding and care. While there is no doubt that there is a need for much 
better cows in the state than are already here, it is true, nevertheless, 
that if the cows which are already here were fed and cared for more 
carefully, the production would be greatly increased. The production 
in many cases could be increased from one-third to one-half with but 
very little additional cost by following a few simple rules of better feed- 
ing. Better feeding methods constitute the quickest and surest way for 
the West Virginia dairyman to increase the profits from his dairy. 


FUNDAMENTALS OF FEEDING 


In order for a dairyman to feed intelligently it is necessary for him 
to understand some of the terms used in feeding dairy cows, and to 
understand just what feed is made of and how used by the cow. 


There is hardly a dairy farmer in West Virginia who has not heard 
of the terms “protein,” “carbohydrates,” and “fat,” or seen them printed 
on a tag attached to a bag of feed. But in order to avoid haphazard 
feeding it is necessary to know the meaning of these terms. In discuss- 
ing “composition” etc, of feeds it is necessary to make use of the chem- 
ical terms, “elements,” and “compounds.” 


Elements constitute the simplest form of any substance known. 
These substances cannot be separated into simpler ones. For example it 
would be impossible to obtain anything from a sample of iron (chemically 


pure) except iron. 


Compounds (as referred to in this discussion) are a combination 


of two or more elements. 


Plants. Of the eighty or more known elements only fourteen are com- 
monly present in plants. These elements are rarely found free in nature 
but are generally found in combination with other elements. Water, 
protein, carbohydrates, and fats, are the names of important compounds 
found in plants. Other compounds are also found in the ash (the resi- 


due left after burning). 


Water is composed of hydrogen and oxygen, and is a constit- 
uent of all plants. It makes up a large part of the gross weight of ani- 
mals, being a part of all bone and flesh. 


Protein is a compound found in plants which contain nitrogen in 
addition to carbon, hydrogen, oxygen, phosphorus, and other elements. 
It is needed to make blood, muscle, internal organs, skin, hair, and 
milk. It is the compound which probably most concerns the dairyman 
since it is the most difficult nutrient to furnish through home grown 


feeds. 


Carbohydrates are compounds of carbon, hydrogen, and oxygen. 
They furnish energy for carrying on body functions and for keeping the 
body warm. Carbohydrates are easily supplied through the common 
farms feeds. 


Fat is composed of carbon, hydrogen, and oxygen. It performs 
the same function in the animal body as carbohydrates but is 2.25 times 
as efficient. 


Total Nutrients. The term “nutrient” is applied to any food con- 
stituent or group of food constituents of the same general chemical com- 
position that may aid in the support of animal life. The total nutrients 
are the total digestible carbohydrates, plus the total digestible protein, 
plus 2.25 times the total digestible fat. 


Feeds. All the feeds commonly fed to dairy cattle come from 


plants and are composed of the compounds, water, protein, carbohy- 
drates, fat, and ash or mineral matter. 


Animal Body. The animal body is composed of the same com- 
pounds found in plants or feeds. It is, therefore, necessary to feed the 
right kinds and amounts of feed in order to maintain the animal body. 


Milk. Milk also contains the same compounds (in different forms) 
found in feeds and in the body. So it is not only necessary to furnish 
enough feeds for body maintainance, but also such feeds as contain the 


right amounts of protein, carbohydrates, fat, and mineral matter must be 
supplied for milk production. 


The accompanying chart shows how the elements unite into com- 
pounds which form the feed out of which animals manufacture milk and 
secure their body needs (Figure 1). 


FROM ELEMENTS TOne MateieK 


ELEMENTS 
Carbon, Hydrogen, Oxygen, Nitrogen, Sulphur, 
Phosphorus, Potassium, Calcium, Magnesium, 
Iron, Sodium, Silicon, Chlorin, Manganese. 


COMPOUNDS 
are a combination of 
two or more element 

PLANTS 
are made of 


compounds 


Dry Matter 


Organic 
Matter 
Water Proteins Carbohydrates Fats Minerals 
Compound of: Compounds of: Compounds of: Compounds of: Compounds of: 


Nitrogen Carbon Carbon Calcium 
Hydrogen Phosphorus 
Carbon Hydrogen Hydrogen Potassium 
Sulphur 
Oxygen Hydrogen Oxygen Oxygen Magnesium 
Iron 
Oxygen Sodium 
Silicon 
etc. Chlorin 
Manganese 


etc. 


Composed of: 
Water 
Proteins 
Carbohydrates 


Fats 
Minerals 


Which Go To Make 


ANIMAL ~ BODY MILK 


Composed of: Per Cent Composed of: Per Cent 


Water 56 —— WATER —————__ | Water 87.1 
Muscle Tissues, 
Internal Organs, 
Hair, Horns, 


Casein and 
18 ——— PROTEINS ——— | Albumen 


and Skin 
Butterfat and 
Fat 21 a es —— |Milk Sugar 


MINERALS ————— | Minerals 


Bone 5 


Fig. 1.--Chart showing interrelation of Plant and Animal Life and the common com- 
ponent elements with their occurrence in various substances which go to make 
up feeds and finally milk. 


(Figure |) shows thatthe dairy cow produceshermilk entirely from the 
feed and water which she consumes. The feed is composed of water, 
protein, carbohydrates, fat, and mineral matter. Likewise the milk is 
composed of exactly the same constituents. The dairy cow also needs 
Seas the same food for her maintenance, that is, to keep her body in 
running order, pumping blood, chewing and digesting food, and making 
body repair. The dairy cow must have this food for maintenance before 
she will use any of it for milk production. The accompanying diagram 
(Figure 2) illustrates how the feed fed to the dairy cow is utilized. 


WHAT BECOMES OF A COW’S FEED 


When Fed Too Much: 
Milk Production 
When Fed Too Little: 


When Fed Just Enough: 
Fig. 2.--Chart showing how the dairy cow utilizes her feed. 


Gain in 
Weight 


It will be noted from a study of the diagram shown in Figure 2 that 
a cow when fed too much uses the excess feed to put on weight, when 
she is fed just enough she produces the maximum amount of milk with 
no waste, and when she is fed too little, she loses first in milk, and later 
in weight, both of which are decidedly unprofitable to the owner. 


SOME COMMON FEEDS 


Before it is possible to feed the dairy cow most efficiently, it is nec- 
essary to know the characteristics of some of t 
feeds. It is always best to feed as many home-grown feeds as possible 
and to buy only what may be necessary to balance them properly. In 
the following paragraphs are given some of the characteristics of the 
more important dairy feeds used in West Virginia. 


he more important dairy 


Legume Roughages 
Alfalfa. Alfalfa hay is one of the very best roughages for dairy 
cattle. It is very palatable and has a good effect upon the digestive 
system as it is slightly laxative in character. It is high in protein, and is 
the highest of all the common feeds in calcium. 


Clover. Clover hay has the same advantages as does alfalfa hay, 
except that it is a little lower in protein and is slightly less palatable. 
Alsike, Crimson, and Red Clover have about the same feeding value, but 
Alsike is finer in the stem, which makes it especially well adapted for 
feeding young calves. 


Soybeans. Soybean hay is fast becoming one of the most valuable 
crops raised by West Virgina dairymen. When properly cured, it makes 
one of the very best roughages for dairy cattle. It is slightly higher in 
protein and total digestible nutrients than is alfalfa. It is very palatable, 
but when allowed to get too ripe, has coarse, woody stems which the 
cows will refuse. It is very slightly constipating in its effect, but is very 
high in calcium. 


Non-Legume Roughages 
Timothy Hay. Timothy hay is very low in protein and is not pal- 
atable except when harvested early. It is constipating in effect and low 
in its mineral content. Cows do much better when fed one of the legume 
hays than when fed timothy. 


Corn Stover. Corn stover (ears taken off) or “fodder,” as it is 
incorrectly called, is one of the lowest protein roughages. It is not pal- 
atable, is constipating, and is low in minerals. It should be fed only in 
small quantities to dairy cows. Its feeding value is not improved by 


shredding. 


Straws. Straw is a very poor feed for dairy cows, especially if the 
plant is allowed to become dead ripe. Oats straw is a little better than 
wheat straw or rye straw. All straws are low in protein and minerals, 
unpalatable, and constipating. 


Silages. Corn silage is one of the cheapest and best roughages for 
dairy cows and is especially valuable because it offers the best means of 
supplying the necessary succulence during the winter. It is very palata- 
ble, and is laxative in its effect. Sunflower silage has been gaining in 
importance during the last few years. It is not as palatable as is corn 
silage and does not seem to give quite as good results, although the yield 
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is considerably greater which makes it particularly adapted to regions 
unadapted to corn or of limited tillable acreage. 


Roots. Mangels, rutabagas, sugar beets, and turnips are fed to 
cows with good results. They are succulent in nature, laxative, and very 
palatable. The mangel is the most widely used and is unexcelled in 
adding succulence to the ration. It should be fed more generally, espec- 
ially where there are too few animals to justify a silo or where the tillable 
acreage is limited. 


Concentrates 


Corn. Corn is grown on most West Virginia farms and should 
usually be included in the dairy ration. Cows like it and it supplies a 
large amount of total nutrients economically. It is low in protein and 
also in minerals, therefore, some high protein feed must be used in order 
to supply these deficiencies. It is best to feed corn ground as a meal. 
Sometimes whole ears are ground making corn and cob meal. While cows 
do not like corn and cob meal quite as well as corn meal, it is often used 
to give bulk to the ration. 


Oats. Oats is an excellent feed for dairy cattle and when not too 
high in price should be used in the ration. They are considerably higher 
in food value than wheat bran. They are bulky, palatable, fairly high 
in protein and mineral matter, and if home-grown the straw comes in 


handy for bedding. 


Barley. Barley is an excellent substitute for corn. It can be sub- 
stituted for corn pound for pound, with equally good results. It contains 
a little more protein than corn but isa little lower in total digestible nut- 
rients. . 


Buckwheat. Because the large amount of flrs mithe buckwheat 
hull, the whole grain is not so desirable for dairy cows as are the buck- 
wheat middlings or bran of this grain. Buckwheat middlings are higher 


than wheat bran in feeding value. and prove.a very satisfactory feed for 
dairy cows: 


Wheat Bran. Wheat bran is an excellent dairy feed. It is bulky 
and acts asa mild laxative. It also has a cooling effect which makes it 
very useful as a feed for cows after calving. It isthe highest of the com- 
mon feeds’ in its phosphorus content. Wheat middlings or “shorts” is a 
very satisfactory feed for dairy cows, but is more like corn in compost- 


tion and properties than bran. Middlings, ifthey canbe purchased cheaper 
than corn, may be used as.a substitute for corn in the ration. 
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Gluten Feed and Gluten Meal. Gluten meal is high in feeding 
value but is heavy and not very. palatable. It should always be fed ina 
mixture with other feeds. It is a by-product of starch and glucose man- 
ufacture. When it is mixed with corn bran, it is known as Gluten 
feed which is now largely used as a dairy feed. It is often a cheap 
source of protein. 


Cottonseed Meal. Cottonseed meal furnishes protein in the largest 
quantity and usually is the cheapest form of any of the common feeds. 
It is also high in minerals. It is somewhat constipating, however, and 
not very palatable, hence, it should always be fed in combination with 
other feeds which will overcome these faults. It should never be fed in 
larger amounts than three or four pounds per day. Sometimes cotton- 
seed hulls are ground and mixed with the meal and sold as cottonseed 
feed. This is considerably lower in feeding value than the meal. 


Linseed Oil Meal. Linseed meal contains a high per cent of protein 
and is a very valuable feed. It is laxative, very palatable, and it has 
an excellent physiological effect on the digestive system of the cow. Be- 
cause of these factors it is especially good when no succulent feed is 
being used. It gives best results when fed with other grains and not in 
too large quantities. It is the residue after linseed oil is extracted from 


flax seed. 


Peanut Meal. Peanut meal is becoming more important as a dairy 
feed. It is a by-product from the manufacture of peanut oil. It varies 
considerably in composition, but high grade peanut meal is very high in 
protein, is palatable and has a slightly laxative effect upon the cow. 


Dried Beet Pulp. Dried beet pulp is very high in carbohydrates, 
but low in protein. When silage or other succulent feeds are not avail- 
able, dried beet pulp makes an excellent substitute when soaked with 
water for about twelve hours before feeding. It is very palatable, and 


has a very good physiological effect upon the cow. 


Molasses. Molasses is not usually fed for its food value, as it con- 
tains practically no protein; and for its total nuterients it is not an econ- 
omical feed. Its chief valve is as an appetizer for when sprinkled over 
unpalatable feeds it lends palatability to them. Molasses is quite laxative 
and cannot be fed in large quantities. It is often used when cows are 
on official test in order to have the cows consume more feed. 


10 
Ready Mixed Feeds 


There are a large number of ready-mixed dairy feeds now being 
sold in West Virginia. They have the advantage of supplying the nec- 
essary variety to a ration and being ready mixed they save the labor 
of mixing. In the past, these ready-mixed feeds were not looked upon 
with favor because many of them were sold simply asa means of dispos- 
ing of some inferior products. More recently laws have been passed 
requiring the labeling of each sack with a guaranteed analyses. At the 
present time many excellent ready-mixed feeds are to be found on the 
market. Still more recently, the open formula feed has been put on the 
market. These open formula feeds have the advantage that they show 
on the sacks the feeds and the amount of each which has been used in 
the ration. They have been gaining in popularity very rapidly. 


Ready-mixed feeds are of special value to the dairyman who uses 
only a small amount of feed or who is so located that it is impossible to 
secure readily a variety of feeds for home mixing. The buyer should 
always pay close attentiontothe guaranteed analyses, so that he may get his 
protein and total nutrients as cheaply as possible. His decision as to 
the use of ready-mixed feeds should depend largely upon the relative 
price. If the dairyman, however, has on his farm corn, barley, or oats, 
and needs a high protein feed to balance these, he as a rule can pur- 
chase his protein cheaper in the form of cottonseed meal, linseed meal, or 
gluten feed. It is always best to figure the cost of a pound of protein 


from each before purchasing, and in that way be sure of purchasing the 
most economical ration. 


DESIRABLE CHARACTERISTICS OF A RATION 


In the making of a dairy ration it should be the aim as nearly as 
possible to imitate early summer pasture conditions. Every dairyman 
knows that the period of highest and most economical milk production 
is during the early summer months. The reason for this is not hard to 
ascertain. Early summer pasture provides for the dairy cow an abundance 
of palatable feed which is succulent in nature. It also has plenty of bulk 
and variety and it has a good physiological effet upon the cow. Pasture 
also is cheap. These characteristics of pasture are the things which a 
good feeder tries to imitate throughout the year. 


Abundance of Feed. An abundance of feed is the first essential in 
feeding cows for profit. The cow should be looked upon simply as a 
factory, and as in any other factory, the cheapest production is possible 
only when the plant is being run nearly to its full capacity. The most 
common mistake in feeding dairy cowsis the failure to give enough feed 


11 


to make full use of the milk producing ability of the cows. Cows should 
be fed as individuals, that is, in proportion to the milk which they are pro- 
ducing. There is no profit in a herd of half-starved cows. 


Palatable Feed. A feed to be palatable must be pleasing in flavor 
so that cows like it. A cow will do her best when she relishes her feed. 
A ration may contain everything necessary for maximum production 
and if it is not palatable, the cow may not consume enough of it for her 
maximum production. We want to tempt the cow's appetite and induce 
her to eat feed up to the limit of her ability for production. Early spring 
pasture is a very palatable feed. Pasture in late summer is much less 
palatable, which is one reason why the cows drop off so rapidly at that 
time. 


Succulent Feed. A succulent feed is one which contains the juices 
of green forages similar to the natural juices of pasture grass. These 
juices stimulate the production of milk and a maximum flow of milk is 
difficult without them. 


Bulk. Pasture is bulky. Likewise any good ration should be bulky 
to enable the digestive juices to penetrate the food most completely and 
thereby facilitate digestion. 


Variety. lt is well toadd variety toa ration. If the feed is obtained 
from only one plant, some of the essentials for maximum milk produc- 
tion may be omitted. It is well to have two, or better three, different 
plants represented in the grain ration. This will help furnish the special 
forms of protein required by a cow inmilk and also the needed mineral 
matter. Variety is especially important when large records are being 
attempted. 


Physiological Effect. Each feed has its own specific effect upon the 
cow's body. The effects of certain feeds are very pronounced. The 
bowels of the dairy cow should be in slightly laxative condition if she is 
to make her best production. Fresh pasture is laxative in nature. When 
roughages are constipating in effect, the grain ration should be of a lax- 


ative nature. 


Cheap. Good pasture not only is a good feed but it is a cheap feed. 
The careful feeder will also try to select cheap feeds but in this he will 
not make the cost price per ton the essentia! consideration. The impor- 
tant thing which should be considered is the cost of one pound of pro- 
tein or one pound of total nutrients. 


BALANCING RATIONS FOR A DAIRY HERD 


A balanced ration is one that exactly meets the daily needs of a 
dairy cow, both for the maintenance of her body and for the production 
of milk. Feeds are divided into two general groups: roughages and con- 
centrates. Roughages are the cheaper, and so cows should be fed all 
that they will cleanup. They usually, however, cannot eat enough rough- 
age to supply the required food nutrients for both maintenance and milk 
production. They must, therefore, be fed grain in addition to the rough- 
age. The concentrates are used to balance the roughage fed; hence the 
kind of concentrates or grain mixture needed will depend upon the class 
of roughage fed. The different kinds of roughage fall into three general 
classes based on their protein content. 


The groups of roughages and the percentage of protein in the grain 
mixture to feed with them are as foliows: 


1. Low Protein Group. Timothy hay, corn stover, straw, corn sil- 
age, or any other non-legume. Percentage of digestible protein 
required in grain mixture--18 to 22. 


2. Medium Protein Group--Mixed hay, clover and silage, or other 
roughages, with at least half of the roughage legume. Percentage 
of digestible protein required in grain mixture--15 to 18. 


3. High Protein Group--Clover hay, alfalfa hay, soybean hay, or any 
of the legume roughages. Percentage of digestible protein required 
in grain mixture--|2 to 15. 


It is well to understand that digestible protein is the protein available 
for the use of the animal and should be distinguished from crude pro- 
tein which is represented by the figures printed on the sacks of the vari- 
ous feeds. Crude protein content runs from one to six per cent higher 
than does digestible protein. 


Practice in Making Grain Mixtures 


For general farm use, it is not always practical to balance exactly 
the amounts of protein, fats, and carbohydrates needed. Since there is 
seldom a deficiency in carbohydrates and fats, when the cow has all the 
roughage that she can eat, a roughly balanced ration may be obtained 
by balancing the protein of the grain mixture to go with the kind of 
roughage as already indicated under the three groups of roughages and 
disregarding the carbohydrates and fat. 


As an example of this method of making up a ration for a dairy 
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herd let us assume that we have on hand alfalfa hay and corn silage for 
roughage, which is the medium protein group, and that we have available 
corn meal, ground oats, wheat bran, and cottonseed meal. By referring 
to Table 2 we get the following figures for protein: 


100 pounds cornmeal contains__________ 7.1 pounds digestible protein. 
100 pounds wheat bran contains________ 12.5 pounds digestible protein. 
100 pounds ground oats contains________ 9.7 pounds digestible protein. 
100 pounds cottonseed meal contains____37.0 pounds digestible protein. 
400 pounds of the mixture contains ____66.3 pounds digestible protein. 


66.3 divided by 400 equals .166 or 16.6 per cent digestible protein. 


By referring to the Groups of Roughages, it will be noted that when 
the roughage is in the medium protein group, the percentage of protein 
in the grain mixture should be from 15 to 18 percent. This ration, then, 
should fulfill the needs, provided of course, it fulfills the requirements as 
to bulk, variety, palatability, physiological effect, mineral content, etc. 
This ration should fulfill these requirements. 


Now let us assume that instead of alfalfa and silage for roughage we 
have only timothy hay and corn stover, which are in the low protein 
group, with the same concentrates as before. It would be necessary then 
to add more of the high protein feeds as follows: 


400 pounds of the mixture contains______ 66.3 pounds digestible protein 
100 pounds of the cottonseed meal contains 37.0 pounds digestible protein 


500 pounds of the new mixture contains____103.3 pounds digestible protein 


103.3 divided by 500 equals .2066 or 20.6 per cent digestible protein. 


By referring to the Groups of Roughages, it will be noted that when 
the roughage is in the low protein group the digestible protein in the 
grain mixture should be from 18 to 22 per cent. ‘This ration fills these 
requirements and therefore should be a good ration under the given 
conditions. 


Now suppose that the roughage consisted of alfalfa hay which is in 
the high protein roughage group, and that the same concentrates were 
available. It would be necessary to add a low protein concentrate such 


as corn as follows: 


400 pounds of the mixture contains ______---- 66.3 pounds digestible protein. 
100 pounds corn meal contains_-__-_---------- 7.1 pounds digestible protein. 
500 pounds of the new mixture contains___.73.4 pounds digestible protein. 


73.4 divided by 500 equals .147, or 14.7 per cent digestible protein. 


We note that the grain mixture in the high protein group should be 
between 12 and 15 per cent and hence the above ration would fil the 
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requirements but could be still a little lower in protein, if desirable for 


any reason. 


Any of the foregoing rations would be suitable for the conditions 
given, provided they were fed in proportion to the amount of milk that 
the cows produced; that is, one pound of grain to each three or four 
pounds of milk that the cow produces, as pointed out in the general rules 
for feeding dairy cows on page 2. 


It is comparatively easy to balance a grain mixture in this way for 
any kind of roughage. If the roughage is low grade, use a higher pro- 
tein percentage in the grain mixture and vice versa. It is important, 
however, to keep in mind the characteristics of the feeds when making 
up the grain ration and always to feed the ration according to production. 


It is also well to consider the cost of the protein in the feeds used to 
make up the ration and always to take the cheapest, everything else 
being equal. This can easily be ascertained by the use of the cost 
co-efficients for getting cost of digestible protein and total nutrients as 
given in Table 2. 


Substitutions 


If one has a ration already worked out for his herd, it is very handy 
sometimes to make certain substitutions. 


In a ration, any of the following feeds can be interchanged as indi- 
cated without seriously affecting the food value of the ration: 


1. Oats for wheat bran and vice versa. 

Ground barley for corn meal and vice versa. 
Corn and cob meal for corn meal and vice versa. 
Hominy for corn meal and vice versa. 

Cocoanut meal for gluten feed and vice versa. 


Buckwheat middlings for gluten feed and vice versa. 


SC ee 


Linseed oil meal for cottonseed meal and vice versa. 


Goud Grain Mixtures with Different Roughages 


A series of grain mixtures suitable to West Virginia conditions are 
given here for convenience. 


For Low Protein Roughages 


(Digestible protein in grain mixture 18 to 22 per cent.) 


No. 1. Digestible Protein 18.9% 
200 pounds wheat middlings 

100 pounds corn and cob meal 
100 pounds cottonseed meal 

50 pounds linseed meal 


No. 3. Digestible Protein 20.6% 


100 pounds corn meal 

100 pounds cottonseed meal 
100 pounds gluten feed 

50 pounds wheat bran 


No. 2. Digestible Protein 20% 


100 pounds corn meal 

100 pounds cottonseed meal 
100 pounds linseed meal 
200 pounds wheat bran 


No. 4. Digestible Protein 20.5% 
400 pounds ground barley 

400 pounds gluten feed 

400 pounds cottonseed meal 

100 pounds linseed meal 


No. 5. Digestible Protein 19.1% 


100 pounds 
100 pounds 
200 pounds 
200 pounde 


corn-and-cob meal 
ground oats 
cottonseed meal 
wheat bran 


For Medium Protein Roughages 


(Digestible protein in grain mixture 15 to 18 per cent.) 


No. 6. Digestible Protein 15.0% 


100 pounds corn meal 
100 pounds wheat bran 
100 pounds ground oats 
100 pounds linseed meal 


No. 8. Digestible Protein 16.8% 


200 pounds corn meal 

150 pounds cottonseed meal 
100 pounds ground oats 

100 pounds wheat bran 


No. 7. Digestible Protein 17.3% 


300 pounds corn meal 

100 pounds cottonseed meal 

200 pounds buckwheat middlings 
100 pounds wheat bran 


No. 9. Digestible Protein 16.3% 


100 pounds corn-and-cob meal 
100 pounds cottonseed meal 
100 pounds ground oats 

100 pounds wheat bran 


No. 10. Digestible Protein 15.7% 
200 pounds ground corn 


200 pounds ground oats 
200 pounds wheat bran 
400 pounds linseed meal 


For High Protein Roughages 


(Digestible protein in grain mixture |2 to I5 per cent.) 


No. 11. Digestible Protein 12.3% 


200 pounds corn meal 

100 pounds ground oats 

100 pounds wheat bran 

100 pounds buckwheat middlings 


No. 12. Digestible Protein 12.2% 
200 pounds corn meal 

100 pounds gluten meal 

100 pounds wheat bran 
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No. 13. Digestible Protein 13.3% No. 14. Digestible Protein 14.1% 
200 pounds corn meal 400 pounds corn meal 

100 pounds ground oats 100 pounds cottonseed meal 

100 pounds wheat bran 100 pounds wheat bran 

100 pounds linseed meal 100 pounds gluten feed 


No. 15. Digestible Protein 14.4% 


300 pound ground corn 
100 pounds wheat bran 
100 pounds cottonseed meal 


Balancing Rations Accurately 
Sometimes it is desirable to balance a ration for a herd or for an 
individual cow more accurately than the protein requirement gives it- 
Table | gives the daily requirements for dairy cows according to the 
Morrison Feeding Standard, using the average of the extremes in the 
requirements for milk production. 


Table 1. Daily Requirements for Dairy Cows 


Maintenance and Production Seta eared 
Maintenance for 1[000-pound cow] 22=—--. 5) =o 0.700 7.925 
Maintenance for each 100 pounds live weight ______ 0.070 0.7925 
For lipound tof Se pemcent mikes eee 0.052 0.271 
Ror iipound ofe325 per cen tern meee aes 0.055 0.300 
Kor | pound of 4 "per cent miles ee. 2 en ee 0.059 0.328 
For lijpound ofi4 5 per scent) milks. seen eee | 0.063 0.357 
Eoraligpound ofp i .crmc emits rill seen ee 0.066 0.382 
Korb pound off o-oipercentinil ase ee ee 0.070 0.406 
For] pound of © per cent milk22o 9-9 2-222 eon 0.074 0.431 


It will be seen by referring to Table | that a 1250 pound cow will 
require for maintenance 0.875 pounds of digestible protein and 9.906 
pounds of total digestible nutrients. However, if this cow is producing 
24 pounds of 3.5% milk, she will require in addition, according to the 
table, 1.32 pounds of digestible protein and 7.20 pounds of total digest- 
ible nutrients. Her total requirements, therefore, would be 2.195 pounds 
of digestible protein and | 7.106 pounds of total digestible nutrients, which 
total we get by adding together the maintenance requirement and the 
milk requirement, thus: 


Maintenance and Production Digestible Crude Total Digestible 
Protein in Pounds | Nutrients in Pounds 
Maintenence for 1250-pound cow ________________ 0.875 9.906 
Production of 24 pounds of 3.5 milk ______________ 1.320 7.200 


Total requirements 


DE ee ee ee Ms\(9)5) 17.106 
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Having found out exactly what it takes to maintain a cow of this 
size, giving the quantity of milk mentioned, the problem then is how to 
select the right feeds in the correct proportion in order to meet these 
requirements. 


The following ration very closely gives the total requirements: 


Feeds Total Crude Protein} Total Digestible 
in Pounds Nutrients in Pounds 

lOspouncdstaltaltathay ase = ress. Se ee see 1.060 5.160 
35 pounds corn silage ____. _ ts es Pe Sp preg he we BO 0.385 6.195 
DREDOULIC SyCOTM TRGalsts eee eee te ee ee es OS oy) 4.085 
PIpounds croundoats, a2 otek we Wik ne er eee 0.194 1.408 
Por pouncdscottonsceasmealins 25 Soe 2 Se 0.185 0.391 
iho tal Raee eerie See ene oi ioe SE A DME e239 


By the same method a ration for any cow can be worked out when 
her requirements based on her approximate weight, her milk production, 
and percentage of butterfat are known. The average requirements ofa 
herd can also be used in computing a ration for a herd as a whole. 


Feeding Cows On Pasture 


The problem of feeding cows on pasture is one that is frequently 
overlooked by dairymen. The beginning of the pasture is awaited with 
impatience by many dairymen. Often this impatience overcomes good 
judgment and the cows are turned on pasture too early in the spring. 
When this is done it generally decreases the yield of grass throughout 
the rest of the summer. Since much of the food of the grass plant is 
manufactured in the leaves or blades, if the cows are allowed to graze 
while the grass is very short, its growth will be slow. The early grasses 
are mostly water and heavy milking cows cannot eat enough immature 
grass to supply them with the necessary ‘nutrients. Hence it is a good 
practice to continue feeding the cows some hay, silage, and grain fora 
time after they are turned on pasture. 


Experience has proved that even good pasture will not furnish enough 
food for the high producing cow. Grasses contain a large amount of 
water and are bulky which makes it impossible for heavy producers to 


consume enough to keep up production. 
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The best abundant pasture, will furnish only enough nutrients for 
cows which are producing not more than 20 pounds of milk per day, 
A guide for feeding grain to cows on pasture is as follows: 


For Jersey or Guernsey Cows Producing 


25 pounds of milk daily feed | pound of grain to each 6 pounds of milk 
30 pounds of milk daily feed | pound of grain to each 5 pounds of milk 
35 pounds of milk daily feed | pound of grain to each 442 pounds of milk 
40 pounds of milk daily feed | pound of grain to each 4 pounds of milk 


For Holstein Ayrshire, Brown Swiss, or Shorthorn Cows Producing 


25 pounds of milk daily feed | pound of grain to each 7 pounds of milk 
30 pounds of milk daily feed 1 pound of grain to each 6 pounds of milk 
35 pounds of milk daily feed | pound of grain to each 52 pounds of milk 
40 pounds of milk daily feed | pound of grain to each 4 pounds of milk 


In feeding grain to cows on abundant pasture the grain mixture can 
be made up of relatively small amounts of the high protein concentrates. 
The following grain mixtures have proved to be satisfactory. 


No. 1. Digestible Protein 12.7 % No. 2. Digestible Protein 11.3% 
100 pounds corn meal 400 pounds corn meal 

100 pounds wheat bran 100 pounds cottonseed meal 

25 pounds cottonseed meal 100 pounds ground oats 


100 pounds wheat bran 


No. 3. Digestible Protein 10.4% 


100 pounds wheat bran 
100 pounds ground oats 
50 pounds corn meal 


As late summer approaches the need for pasture supplement gen- 
erally becomes more acute and the grain mixture at this time should be 
richer in protein. It is during this period that the pastures generally be- 
come short due to dry weather. Silage has proved to be the best forage 
supplement for pasture, although soiling corps such as green corn, oats, 
or soybeans may be used if the land and labor are available. It pays to 
supplement these feeds with one of the above grain mixtures and hay, if 
necessary, in order to keep up the production of heavy milking cows. 


OTHER CONSIDERATIONS 


Common Salt. It has always been known that cattle have a craving 
for common salt and that to deprive them of this substance will end in 
disastrous results. They will gradually lose vitality, their hair will become 
rough, they will become thin in flesh and finally will have a complete 
breakdown. It isnecessary, therefore, tosupply dairy cattle with plenty of salt. 
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One of the most common ways of supplying the needed salt is to keep 
it so the animals will have free access to it and will take what they re- 
quire. It may be supplied also by mixing it with the grain ration in the 
proportion of | to 1/4 pounds of salt for each 100 pounds of grain mix- 
ture. The cows should also be given free access to salt so that they may 
be supplied with additional salt which may be required. The practice of 
salting only at intervals of certain periods is not to be recommended. 
The amount actually needed is about 34 of an ounce daily for each 100 
pounds of live weight and 12 ounce in addition for each 20 pounds of 
milk produced. 


Calcium and Phosphorus. The importance of calcium and phospho- 
rus in the dairy ration has recently been given much publicity, but their 
importance has been somewhat over estimated. Under West Virginia 
conditions, if the dairy cows are given plenty of legume hay in winter 
and pasture in summer, and are fed a good grain ration, there is little to 
be feared from lack of these elements. Legume haysare the best source 
of calcium while concentrates such as wheat bran and cottonseed meal, 
are the best sources of phosphorus. 


If, however, cows show abnormal appetites such as a craving for 
wood, bones or dirt, there is a strong indication that the ration is lacking 
in one or both ofthese elements. Thisismore liable to be true with the heavy 
producing cows or when the roughage 1s timothy or other non-legume 
hay. In either of these cases it is usually advisable to supply some of 
these elements, for while the cow may not show any definite signs 
nevertheless she isno doubt drawing upon her body reserve which must 
later be replenished. 


When it is found advisable to supply these elements in some form 
other than that supplied by the feeds being used, it is usually recom- 
mended to feed some bone meal, of the kind especially prepared for 
livestock feeding. This contains both calcium and phosporus in the 
proportions used in the body. It is sold by the large packing houses 
under the name of “raw bonemeal for feeding.” Spent bone black serves 
the same purpose as the bone meal and sometimes can be purchased at 
a lower price. Ground limestone or wood ashes may also be used but 
they supply only the calcium. in case ground limestone is used, only 
limestone which is low in magnesium should be used. 
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Many commercial mineral compounds are on the market but no 
better results can be expected from them than from bone meal or a mix- 
ture of bone meal and limestone. The price of commercial preparations 
is usually much higher than that of the bone meal. 


The bone meal, ground limestone, or wood ashes can be fed like 
salt by allowing free access to it, or it may be added to the grain ration 
at the rate of about 2 pounds to each 100 pounds of the ration. 


Water. Since milk is 87 per cent water, it is obvious that dairy 
cows should receive all the water that they can drink. Alarge cow milking 
heavily will drink as much as 100 pounds (8 to 10 gallons) of water in a 
day. When closely stabled cows should be watered at least twice a day, 
or better still, have water where they can get it when they want it. In 
cold weather the water ought to be at least 20 degrees above freez- 
ing. 
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Table 2. Average Amount Digestible Protein and Total Nutrients 
in 100 Pounds of Common Feeds (Analyses Henry and Morrison 
“Feeds and Feeding,” 18th Edition). 


Pounds Digest-| Pounds Total Cost Coefficient © 
Feeds ible Crude Digestible 
Protein Nutrients Protein Total Nutrients 
GRAINS 

Corn gee er ed es ifs) 85.7 133535 1.166 
Cornmeal tee as. ie ee 7h 81.7 14.08 1.224 
Comrand-cobrmeal’ 2222. = =-.. 6.1 78.1 16.39 1.280 
CRS «geass 2 3h ees OF 70.4 10.31 1.424 
varnleypeeewee Rees ae 2 Sel og | 9.0 79.4 H1.11 1.259 
Barc leven ta ene ee ee 8.1 63.4 12.34 1.574 
Soybean spe eee ee eee en B32. 94.1 3.01 1.061 
Cow peas! ee: Se iy Se 19.4 76.4 5.15 1.309 

Oh es ee ee ee ee SS, 81.0 10.10 1.234 

BY-PRODUCTS 
Cottonseed meaj (choice) -__-__| 37.0 78.2 2.70 1.278 
Cottonseed meal (prime) ______- | 33.4 sy) 299 1.324 
Linseed meal (old process) ____ 30.2 77.9 3.31 1.284 
Linseed meal (new process)-___- 31.7 759 5515) ess 
Gititen feediee= ee eons 21.6 80.7 4.63 1.238 
Glotenmmealee- es. = 228s 30.2 84.0 33) 1.190 
Wiheatsnram=see ase. 2-2 2 4 ee 12.5 60.9 8.00 1.642 
Wiheat maddlings 2222.22. _. 2 == | 13.4 69.3 7.46 1.443 
Wheat middlings (flour)________ | WS 78.2 6.37 1.278 
Buckwheat middlings__________ 24.6 76.6 4.07 1.305 
Conn rarig =e ee ee ee 5.8 IBN 17.24 1.368 
Rlominyetecec eee eae 7.0 | 84.6 14.29 1.182 
Cocoanut meal (old process)___-| 18.6 78.8 5.32 1.269 
Soybean oilimeal == seen == 39.7 84.5 251 1.183 
Sugarbeet pulp (dried)_____--_- 4.6 71.6 21.74 1.396 
Distillers grain from corn (dried)_| 22.4 88.9 4.46 1.124 
MaleiSproutsemes ees" ==. 3 20.3 70.6 | 4.92 1.416 
Molasses \(beet)=2 9= = jas} 58.7 34.48 1.703 
Molasses(cane) #222 25 = 2 === 1.0 32)5) 100.00 1.681 
PA lial farmme aly ce ee ee 10.2 50.7 9.80 1.972 
DRIED ROUGHAGES 

PN fal tama vee eee 10.6 51.6 9.43 1.938 
Soy beanshay = ee 2 oss S Wz 53.6 8.55 1.865 
Glover (red) eee 7.6 50.9 13.16 1.964 
Gloven(alsike)j20s ee 79 47.3 12.67 2.114 
Clover (crimson) pe] === OFT, 48.7 10.31] 2.053 
Glover (sweet) 222225 5= === -- == 10.0 47.0 10.00 2.149 
Cow peasare = =e eae ae eee 13.1 49.0, 7.63 2.041 
Mixed timothy and clover_____- 4.0 46.2 25.00 2.164 
itimothyea= eee ee ee 3.0 48.5 33333) 2.061 


@To get the cost of Protein and Total Nutrients in feeds multiply the cost coefficient by the cost per hund- 
red pounds of feed. 
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Table 2. (Continued) 


Cost Coefficient 


Pounds Pounds Total 
Feeds Digestible Digestible : 
Crude Protein Nutrients Protein Total Nutrients 
Corn fodder medium in water 
(Carsciccliad ed) == ae 3.0 Da 33:35 1,866 
‘Corn stover (ears removed) _____ 2.2 DLee 45.45 1.911 
Millet (Hungarian) _______.____ 50 55.0 20.00 1.818 
QOatihay sees pee an ee eS 4.5 46.4 22D ZA 
Oate straws en oe ee ee eae es 1.0 45.6 100.00 293 
Buckwheat strawioess2 = 2b ee 4.2 3322 23.81 3.012 
Wiheatistraw. 22522" =se05. 22.” 0.7 36.9 142.86 DN 
SILAGE AND ROOTS 
Corn silage (matured) ___._____. 1.] Wer 90.00 5.649 
Suntlower silacen= === ae 1.0 12.6 100.00 7.936 
Gloversilace ses == eee em 2.0 13.4 50.00 7.462 
Soyilacain Glkveys = 2 2.8 15.6 Sori 6.410 
Beets (common) ____-____-__- 0.9 10.2 Ua, 9.803 
Beetsa(sucar) eae eee ee 12 14.0 83.83 7.142 
Rurnipsi See ae eee ee a ee 1.0 7.4 100.00 13513 
METERING: oe ee 0.8 7.4 125.00 13.513 
Pumpkins) (field) ae eee 1.1 6.7 99:99 14.924 
Rutabagasr=--- -- ee eee 1.0 9.4 100.00 10.637 
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Producing Cream on the Farm 


A TYPICAL WEST VIRGINIA DAIRY FARM 


By 
JAMES V. HOPKINS and G. MALCOLM TROUT 


Rules for Producing Good Cream 


1.—Keep the milk, cows, and stable clean. 

2.—Milk with clean dry hands. 

3.—Use a small top or covered milk pail. 
4.—Remove milk immediately from barn and separate. 


5.—Adjust cream screw on separator so as to get a 30 to 


40 per cent cream. 


6.—Cool cream promptly by setting in cold water and 


stirring frequently. 
7.—Wash, rinse, scald, dry, sun, and air all dairy utensils. 


8.—Sterilize strainer after each use by pouring scalding 


water over it. 


9.—Keep cows off pastures infected with onions, garlic, 
and other weeds, the flavors of which are carried 


through into the milk. 
10.—Do not allow cream to freeze. 


11.—Deliver the cream three times a week in summer and 


twice a week in winter. 


12.—Protect cans from exposure to sun during delivery by 


wrapping with a wet sack or blanket. 


PRODUCING CREAM ON THE FARM 


The point has been reached in West Virginia's dairy development 
where large amounts of cream are being shipped to creameries instead 
of being converted into butter. In addition several million pounds of 
farm butter are made annually in districts remote from better trans- 
portation facilities. Much of this butter has a very low score, due, 
largely, to the fact that the cream from which it was made was of 
inferior quality. 


The quality of cream determines the quality of butter made there- 
from and hence the price obtained. The difference in price between 
butter scoring 87 points and butter scoring 92 points is but a few cents, 
but when this difference in price is applied to eighteen million pounds 
of butter, the aggregate amounts to many thousands of dollars. 


Just as undesirable qualities would appear in butter made on the 
farm from inferior cream, so would they appear in the butter were the 
cream delivered to a creamery and handled by a proficient butter 
maker. The farmer controls the quality and hence the price. Many 
creameries to-day are buying on the quality basis, and paying a 
premium for sweet, clean-flavored cream. 


One can overcome the loss encountered in selling a poor quality 
product by exercising care in the production and handling of milk 
and cream, realizing that good butter, such as might be sold in car- 
tons bearing the “Mountain State Brand,’ can be made only from 


clean, high quality cream. 


Cream Production 


The essential steps in the production and marketing of first grade 
cream are: 
1.—Clean milk production. 
2.—Immediate separation. 


3.—Proper cooling and storing. 
4.—Thorough washing and sterilization of utensils. 


5.—Frequent delivery. 
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Clean Milk Production 


The stable air, condition of the coat of the animal, and bits of 
manure and hair are largely responsible for unclean milk production. 
These sources can be eliminated, or controlled very largely, by clip- 
ping the long hairs from the udder and flanks of the cow, by thorough 
grooming, and by wiping off the udder and flanks with a damp cloth 
before each milking. Feeding hay, sweeping floors, and bedding the 
cows should not be done just previous to milking. Dust in the stable 
air should be eliminated in so far as possible. In every case the small 
or covered top milk pail should be used. 


In Figures 1, 2, 3, and 4 are shown glass plates or flat dishes with 
covers containing a specially prepared jellylike substance (culture 
media) which is used in growing bacteria for experimental purposes. 
Each white spot or mass in the dishes represents a colony containing 
millions of bacteria which developed from a single organism. A 
study of these pictures will show the importance of removing the milk 
from the stable as quickly as possible after milking, of avoiding dust 
at milking time, and of clipping and washing the cow's udder and 
using a covered top milk pail. 


Good Cream Production Begins With a Clean Healthy Cow. 


A Covered Top Milk Pail Keeps Out Much of the Falling Dirt. 


The two plates shown in Figure | were exposed for ten minutes 
to the air in a clean milk room. The comparatively small number of 
colonies of bacteria that developed on these plates was due to the 
freedom of the air from dust which serves as a carrier for the bacteria. 

The two plates shown in Figure 3 were exposed to the air in the 
same stable as those in Figure 2, but just after hay had been put down 
the chute. Dusty hay contains millions of organisms which produce 
gassiness when they get into the milk supply. The presence of large 
numbers of these organisms on the dust in the air immediately after 
haying the cows is an important source of milk contamination. Any 
practice such as sweeping the floors, cleaning and bedding the stalks, 
or grooming the cows always increases the dust and hence the bacterial 
content of the air. It follows then that, if milk of a low bacterial 
count is to be produced any practice that stirs up dust previous to 
milking must be discontinued. 

The plates shown in Figure 4 were exposed during the period of 
milking to the falling dirt and hairs under an unwashed udder. The 
growth of bacteria shown on these plates indicates an important source 
of milk contamination, which can be largely eliminated by dampening 
the cow’s flanks and udder with a damp cloth and using a covered top 


milk pail. 


Fig. 1.—Sterilized glass plates containing culture media, which were exposed to 
the air of a clean milk room for ten minutes. Note the relatively small 


number of colonies of bacteria. 


Fig. 2.—Plates exposed to the air of a stable. The plate on the left was exposed 


five minutes and the one on the right for ten minutes. 


Fig. 3.—Plates exposed to the air of the same stable as those in Figure 2, but 
just after hay had been put down the chute. The large number of 
colonies of bacteria indicate the presence of enormous numbers of bac- 
teria on hay dust. The plate on the left was exposed five minutes and the 
one on the right ten minutes. 


Fig. 4.—Plates exposed to falling dirt and hairs under the unwashed udder 
of a cow during the milking process. Note the large number of colonies 


of bacteria. 
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The strainer cloth may be a seeding bed for bacteria. A wire 
strainer has the objection that it is difficult to keep clean. Milk and 
dirt become lodged in the meshes of the wire cloth where they serve as 
a food supply for bacteria. Common coarse salt worked through the 
meshes of the wire cloth takes out most of the dirt. Cloth strainers 
have an advantage in that they are inexpensive and can be replaced 
at little cost. If cloth strainers are used more than once they must be 
washed, scalded, and dried. Milking through a cheese cloth is an 
unsanitary practice, for, although the cloth excludes hair, bits of straw, 
manure, and large particles, it holds the more soluble dirt until it is 
washed through by the streams of milk. 


wine rit STA oT TE 


CHEESE CLOTH G rucxness) (ae 


CWEESE CLOTH (27108 mircxnesses) Ee 


FILTER CLOTHORCOT7ON FEES 


Fig. 5.—Proportional amount of sediment in milk after straining through dif- 
ferent materials. 


Immediate Separation 


The milk should be separated as quickly after milking as possible 
and not allowed to stand around the stable to absorb odors. Milk 
separates best when warm. In case the milk becomes cooled it should 
be heated again to about 90 degrees Fahrenheit, although milk may 
be skimmed satisfactorily at a wide range of temperatures, varying 
from 80 to 150 degrees Fahrenheit. Sour milk or milk that is turning 
sour cannot be separated, as it will soon clog the machine. 

In separating the milk should not be turned on until the separator 
is up to full speed, and this speed should be maintained until the last 
milk is out. The bowl should then be flushed out with warm water 
until the discharge from the cream spout appears watery. 

The cream screw of the separator should be adjusted to skim a 
cream testing between 30 and 40 per cent fat. A thinner cream than 
this means that skim milk which otherwise could be used for calf or 
pig feeding is being removed from the farm. A heavier cream than 
this means a loss of fat in skimming, through sticking to the sides of 


the separator tubes, and through transferring from one vessel to 
another. 
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With other conditions remaining the same, the richer the cream 
the longer it will remain sweet. Cream deteriorates or ‘‘sours’’ be- 
cause the micro-organisms present change the milk sugar to lactic 
acid. The milk sugar is present in the skim milk or serum, therefore, 
the more skim milk removed from the cream, the less sugar will be 
present upon which the organisms may feed. 


Proper Cooling and Storing 


The cream should be cooled immediately after separation by 
placing the can of cream in cold water. The quicker this is done the 
higher will be the quality of the cream. Water cools cream about 
forty times faster than air. West Virginia well and spring water is 
usually below a temperature of 55 degrees Fahrenheit. With the 
easy access to this water an economical method of cooling cream is 
afforded many farmers. 


A cooling tank so constructed that the water, in passing from the 
pump or spring to the water- 
ing trough, will be delivered at 
the bottom, thus allowing the 
warmer water to flow out near 
the top, gives the best results. over 
The cooling of cream by plac- pow IW l; tn ZRoM 
ing it in the cellar where it will © i fy 
absorb odors is a bad practice. 
Warm cream should never be 
mixed with cold cream, but 
first cooled to the same tem- 
perature and then mixed by 
stirring vigorously. 


YZ TOV ViEW 


2” OF BARREL 


Thorough Washing and 
Sterilization of Utensils 


There are four steps in 
thorough cleansing of dairy 
utensils; namely, washing, rins- 
ing, scalding, and drying. If 
one of these steps is omitted 
it is soon noticeable. The 


utensils should be washed first a YZ. 


Fig. 6.—Barrel cooling arrangement. 
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in cold water and then in warm water containing a washing powder. 
Vessels which have contained milk should never be washed first in 
hot water as this will cause the milk to stick to the vessel, making it 
very difficult to remove. 

Baking soda is very good as a cleanser since it removes the milk 
and fat which might adhere to the side of the vessel. Specially pre- 
‘pared cleansing powders can be purchased from local stores at low 
cost. The use of soap should be avoided as it is hard to remove by 
rinsing and is likely to find its way into the milk. 

After washing, the rinsing should be done thoroughly in order 
to remove all traces of the washing powder. The next step is to place 
the vessels in boiling or scalding water and allow them to remain a 
sufficient length of time to heat through. Milk utensils should never 
be wiped with a towel as the heat of the vessels after scalding is sufh- 
cient to dry them and this eliminates danger of recontamination. The 
vessels should then be removed from the hot water and placed in the 
sun to air and dry. Care should be taken that the sunning bench is 
in a place protected from dust. 

The cream separator should be taken apart and all parts thor- 
oughly washed after each time that it is used. The parts should also 
be sunned and aired every day. It is not enough to run water through 
the machine, as is sometimes practiced, and allow it to stand until the 


Dairy Utensils Should Have a Daily Sun Bath. 


1] 


During Transportation These Cans Should Have Been Protected From the Sun. 


next time it is to be used, and if such a practice is followed the pro- 
duction of first grade cream is impossible. 


Frequent Delivery 

During the summer the cream should be delivered at least every 
other day. In winter twice a week is sufficient. Clean production and 
proper cooling enables one to produce cream that will keep longer, 
yet cream that is kept for a considerable length of time, though still 
““sweet’’ will become musty, stale, or have an “‘off’’ flavor. 

A wet sack or blanket thrown about the cans during summer 
delivery will keep the cream cool and in many cases the temperature 
will be lower when the cream is delivered at the station than when 
taken from the cooling tank. If the cream is to be shipped, a wet 
blanket thrown about the can at the station is advisable. 


Grades of Cream 


An understanding of the market grades of cream, its require- 
ments, the characteristics of each grade, and how to produce it are 
as essential to the dairy farmer as to the creameryman. Without such 
knowledge the producer labors blindly without any definite goal to- 
ward which to center his efforts. In general the grades of cream 
adopted by the manufacturers of dairy products are as follows: 
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First Grade cream shall be that which is clean, sweet, and free 
from all undesirable flavors or odors. 

Second Grade cream shall be that which may be slightly sour, 
which may contain undesirable flavors and odors to a moderate de- 
gree, which may be slightly foamy, yeasty, or “‘off’’ in flavor, or which 
may be too old or stale to grade as first. 

Third Grade or rejected cream consists of cream which is putrid, 
cheesy, rancid, curdy, musty, dirty, or otherwise unwholesome and 
should not be accepted by the creameryman. 

Probably the greatest difficulty in producing first grade cream 
is in keeping it sweet. In case the cream is held for a sufficient period 
that it must go as a second, trouble is often encountered in keeping it 
free from objectionable flavors and odors. 


Scoring of Cream 


The cream buyer scores cream on the basis of what the butter 
made therefrom will score. First grade cream then will make butter 
scoring 91 points and upward; second grade 88 to 90; and third 
grade 87 and below. On the butter score card, flavor is allowed 45 
points as compared to 25 for body and texture, 15 for color, 10 for 
salt, and 5 for package. The butter flavor is obtained from and 
identical with the flavor found in the cream from which it is made. 


Flavor Defects 
There are two general classes of flavor defects: 
1.—Those which are absorbed from the surrounding environ- 
ment, feeds, and stable air, or resulting from the abnormal functions 
of the cow. 
2.—Those developed by the growth of the various micro-organ- 
isms present in the cream. 


ABSORBED FLAVORS 


A list of the more important of the absorbed flavors are as fol- 
lows: 

Weedy cream is caused by the cows eating such weeds as garlic, 
onions, rag-weed, or any weed possessing a strong odor. Garlic or 
onion flavor is very noticeable. Experiments have shown that this 
flavor was present in milk drawn as soon as three minutes after feeding 
garlic and was noticeable in the milk drawn ten hours after feeding. 
The safe way of eliminating this flavor is by keeping the cow off pas- 
tures containing these objectionable weeds. This flavor is particularly 
noticeable in early spring or late summer. 

Feedy cream is quite common, being due to exposing milk to 
such feeds as silage or it may be due to cows eating such feeds as 
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roots, turnips, or other strong flavored feeds. Such flavors are apt 
to be more noticeable during the winter months. 

Gasoline cream is caused by exposure to gas engine room. Since 
gasoline is so volatile, its gas permeates the entire room and is readily 
absorbed. 

Oily cream is due to carelessness in oiling the separator or 
handling oil about the milk. This flavor is carried over into the but- 
ter more so than many others and is particularly objectionable. 

Cowy cream is more noticeable during the winter months when 
the cows are stabled most of the time. This flavor resembles the 
odor of acow. It may be due to poor ventilation, unclean stable, or 
bits of manure in the milk. 

“Off”? flavored cream is a term applied, when there is a peculiar 
undescribable flavor present, not characteristic to milk. The same 
term is used in describing butter made from such cream. 

Cellar flavor cream is the result of exposing cream to vegetables, 
sauerkraut, fruit, and foods usually kept in the cellar, or to character- 
istic odor associated with the cellar. 

Smothered cream is liable to result where the cream is cooled 
down in a covered receptacle, thus prohibiting the escape of the 
natural heat. This flavor can be driven off largely by aeration. 


DEVELOPED FLAVORS 


There are not so many undesirable developed flavors in cream 
because the micro-organisms responsible for the “‘souring’’ of milk 
grow so much faster than the others and by so doing retard the de- 
velopment of those producing undesirable flavors. Among the most 
common of these flavors are as follows: 

High acid cream is caused by the growth of an organism which 
grows best at 70 to 75 degrees Fahrenheit. This flavor ranges from 
“slightly sour’ to ‘very strong’ or “‘rancid.’’ These organisims are 
present at the time the milk is drawn from the udder, but the numbers 
on the milk utensils if they are not thoroughly washed and dried. 
Immediate cooling to below 50 degrees Fahrenheit retards their 
growth and insures the cream against a high acid flavor. 

Cheesy cream has the flavor of an aged Cheddar cheese, such 
cream has usually been held for a considerable length of time at low 
temperatures. This flavor is a result of the decomposition of the curd 
in the cream. 

Yeasty cream is particularly noticeable during the summer because 
of its foaming and sometimes blowing the lids off the cans. The cream 
becomes contaminated from dust, dirt, and the utensils. Thorough 
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washing and scalding of all utensils and cooling of the cream will 
eliminate this trouble. 

Slimy or ropy cream may be noticed in the spring or fall of the 
year or at a time when there are stagant pools of water to which the 
cows have access. These places should be drained, the cows brushed, 
udders wiped with a damp cloth, and clean, well-scalded utensils used. 
Slimy or ropy cream is not harmful yet it is very repulsive. 

Bitter cream flavor may be the result of giving cows access to 
pastures where objectionable weeds such as rag-weed are found. 
It may be caused ky holding cream at low temperatures for a long 
time. Some cows in the advanced stage of lactation produce bitter 
milk. 

Greasy or tallowy cream is the result of unclean production and 
is noticeable in old cream. 

Fishy cream tastes like herring. Such a flavor is very objec- 
tionable when present in cream and butter. It may result from un- 
clean production and holding for a long time at low temperatures. 

Flat, watery cream approaches a state of being tasteless and 
odorless. It may result from allowing too much of the flush water 
to pass into the cream. This flavor is also characteristic of frozen 
cream. 


Need for Cooperation 


In the technique of buttermaking the American buttermaker is 
superior to those of other countries. By proper manipulation he can 
make a salable piece of butter from fairly poor cream, but he cannot 
make the best butter unless the cream received is of high quality. It 
is up to the farmer to produce a better quality cream and he should 
justly take pride in delivering a clean, sweet, smooth cream to the 
creamery. 

It is true that some operators may not take the best care of the 
cream after it has been delivered to them, but this should not be 
used as an excuse for unclean production. The buttermaker does 
ripen the cream after it is brought to him, but he has control of the 
ripening at all times. 

Receiving sour cream from a number of sources, mixing them 
together, and attempting to make good butter therefrom is about like 
a dozen or more people mixing dough and bringing it all to a baker 
to bake the best bread, it cannot be done. 

On the other hand the creamery operator by his attitude, his 
cleanliness, and his encouragement has a large influence upon the 
quality of cream produced. It is an incentive to bring a high grade 
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cream to a creamery which is clean, sweet-smelling, and attractive. 
The creamery should be well-lighted and ventilated, have clean walls, 
and present an attractive appearance in general. The operator should 
see that the employees’ clothes are clean at all times. The cans 
returned to the patron should be well washed and steamed ready for 
use without further washing. 

In order to encourage sweet cream production, a few cents more 
per pound of butterfat should be paid for sweet cream than for sour. 
Cooling tanks should be advocated. These may be furnished to 
the patrons at cost on a time basis, deducting a little from their check 
each month until they are paid for. ‘The difference in the price of 
the cream will soon pay for them and the patrons will be well satis- 
fied to have a small amount deducted from each check. 

There is a great demand for good butter. Until a higher grade 
cream is produced throughout the entire country, this demand will 
never be met. Cooperation between the producer and creamery 
operator will work wonders toward reaching this aim. 

Demands are increasing in West Virginia for more and better 
cream. These demands come from many sources, such as creameries, 
ice cream factories, and the rapidly increasing city population. Each 
one of these markets require a high grade cream. 

Practically 85 per cent of the cream used as table cream and 
in ice cream manufacture in West Virginia is produced outside the 
state. This condition assures the West Virginia dairy farmer a mar- 
ket for high quality cream. 
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SUMMARY 


1.—The farmer can do no other one thing so vital to his 
welfare and that of his family as to make the farm water 


supply SAFE for use. 


2.—Adequate protection of the farm water supply costs but 


little and is valuable insurance. 


3.—Running water in the home is a convenience that none 


who have had it would willingly be without. 


4.—It is not necessary that a complete water system be in- 
stalled at once. Starting with a simple installation one 


may gradually add to it. 


5.—West Virginia conditions make the installation of a 


running water system on many farms comparatively 
simple. 


6.—In a survey of more than 500 West Virginia farms, all 


complete water systems found has been installed at a 
cost of from $300 to $400. 


7.—All factors considered, galvanized wrought iron pipe is 


best for service pipe on the farm. 


8.—The size of pipe used has a very important bearing on 
the successful working of the water system. Pipe of too 


small a diameter is often used. 


Water Systems for Farm Homes 


A happy home life and good health are important contributing 
factors to success on the farm. Time and money spent by the farm- 
er in helping to remove the drudgery from home tasks will yield 
returns more than commensurate with the amount of capital invested, 
because freedom from drudgery helps to preserve happiness and 
health and creates an atmosphere of contentment. 

The installing of some type of water system in the home is an 
excellent example of this kind of investment. It eliminates much 
back-breaking labor and miles of travel in carrying water, makes 
work in the home lighter, and is a convenience to the whole family. 
Such labor saving devices have their place in the home, just as labor 
saving machines have on the farm, and are worthy of some sacrifice, 
if necessary, to make them a reality. 

That farmers have not made more progress in the installing of 
water systems may be attributed either to the fact that many have 
never thought of it; that few realize the importance of such a step; 
that many do not know how to go about installing a system; or that 
they refrain from making such improvements for financial reasons. 

Since it is felt that many more water systems would be installed 
if the farmer knew how to plan and install the system best suited to 
his conditions, the following discussions are presented in order that 
the need for such information may be at least partially satisfied. 


ADEQUATE PROTECTION OF WATER SUPPLY NECESSARY 


The first important consideration in installing water in the home 
is the proper protection of the supply at the source, thereby making 
it safe for use at all times. The necessity for this step is indicated 
by investigations of which the following examples are typical. 

“Investigations indicate that about three out of four shallow 
wells are badly polluted.* 

Of the water supplies on 79 selected farms in Minnesota, 20 
were good and 59 polluted, largely due to poor location and lack of 
protection. f 

The Indiana Board of Health in examining 177 deep well water 


*Farmers’ Bulletin 1227. 
{Farmers’ Bulletin 549. 
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supplies found 116 good, 45 bad, and 16 doubtful. Of 411 shallow 
well supplies, 159 were good, 309 bad, and 43 were doubtful.* 

E. Bartow of the Illinois State Water Survey found that three- 
fourths of the shallow wells of the state were contaminated.* 

Professor E. W. Lehmann in examining 50 water supplies in 
Missouri, 48 of which were from cisterns and 2 from shallow wells, 
found that the 2 shallow wells and 40 of the cisterns showed contam- 
ination.* 

To insure a safe water supply it is necessary that one have a 
knowledge of how sources become contaminated and how they may 
be protected. Briefly stated, the water supply on farms is usually ob- 
tained from one of four sources: dug wells, drilled wells, springs, or 
cisterns. 


Dug Wells 


Dug wells are found most frequently as the source of water sup- 
ply on farms in West Virginia.f They are of necessity seldom less 
than three feet in diameter and are usually walled with field stone. 
Since the windlass is still very commonly used, many wells are not 
adequately protected at the 
surface. 

Bacteria are found in 
the upper layers of soil. Soil 
at a depth of ten feet or 
more is practically sterile. If 
the wall of the well, there- 
fore, is made water tight 
down to a depth cf at least 
ten feet, the danger of con- 
tamination from _ seepage 
would be very. greatly 
minimized because surface 
water would have to filter 
through ten feet of soil be- 
fore it could enter the well, 
provided, the well was tight- 
ly covered. 

There is one other step, 
therefore, which should be 


Fig. 1.—A Dug Well Properly Protected. taken in protecting a dug 


*Keeping the Water Supply Pure, E. W. Lehman, Trans. Amer. Soc. A 
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Fig. 2.—Spring Encased With Concrete and Protected by Tight-Fitting Cover. 


well, and that is to place a tight curb and cover over the well in order 
to prevent the entrance of surface waters, and to prevent dirt, leaves 
and animal filth, even animals themselves, from falling or being wash- 
ed inte the well. (See Figure 1). 

All of this assumes that the well has been properly located. It 
must be remembered that a well located near or below a cesspool, 
barn, hog pen, privy, or similar source of filth, is always in serious dan- 
ger of pollution. 


Drilled Wells 


Drilled wells do not present the same problems of sanitation as 
do dug wells. In drilled wells, there is an impervious casing extending 
down at least as far as the rock stratum, thereby practically eliminat- 
ing the danger of contamination from seepage. The protection of the 
well at the surface is also more easily accomplished. 

Where one has to go to depths greater than forty feet for water, 
a drilled well is to be preferred. The dug well possesses some advan- 
tages, however, such as softer water, and shorter lifts. 


Springs 


Because of their frequent occurrence, springs are a very common 
source of water supply on West Virginia farms.* Springs are a natur- 


*West Virginia Agricultural Experiment Station Bulletin 206. 


A Poorly Protected Spring is an Unsafe 
Source of Water Supply. 


direction of flow to the spring. 


al emergence of ground waters at 
the surface and by simply enlarg- 
ing the basin a good supply of 
water may be obtained. 


In protecting spring waters 
against pollution two things are 
of vital importance. First, the 
spring should be encased, prefer- 
ably with concrete, thereby mak- 
ing tight walls that will retain the 
water and prevent the entrance 
of seepage which is apt to be pol- 
luted. Secondly, the spring 
should be tightly covered to pre- 
vent the entrance of any foreign 
material from the surface. (See 
Figure 2.) 

Since spring waters are near 
the surface, it is well to know the 


This gives opportunity to prevent or 


remove any filth accumulations from which pollution might be carried 


to the spring by seepage. It is also important to know points at which 


water enters the spring basin in order that openings may be left in the 


wall to permit its entrance. 


RSE BRICK 


Fig. 3.—A Satisfactory Type of Cistern, Showing Brick Filter. 


7 
Cisterns 


The cistern is coming to be used more extensively as a source 
of farm water supply.* One advantage is that it furnishes a supply 
of soft water. 

The cistern should be constructed of some durable material such 
as concrete or brick. It can be made water tight by using a fairly rich 
concrete mixture (1-2-3), properly spading it in the forms, and paint- 
ing the inside with a mixture of cement and water of about the con- 
sistency of thick cream. 

The cistern should also be provided with some efficient type of 
filter (See Figures 3 and 4). 

A very effective filter, and one easily constructed is the double 
course brick filter. A space of about four inches is left between the 
courses, and this is filled with sand. The sand should be replaced 
each year. When the pores of the brick become clogged they may 
be cleaned with a stiff wire brush. If the brick are not cleaned when 
the pores become clogged, the effectiveness of the filter is lost. 

The spouting from the roof to the cistern may also be equipped 
with a device for discarding the first run-off from the roof, which is 
apt to contain dust, dirt, leaves, bird excrement, etc., thus preventing 
the entrance of such matter 


into the cistern. FOPR l-RAIN SWITCH 
The size of the cistern Nie ou AY 


is determined by the roof 

5 e SCREEN 
area, the regional rainfall, 
and the number of persons 
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and animals to be supplied. 
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Fig. 4.—A Well Constructed and Efficient Cistern and Filter. 


*West Virginia Agricultural Experiment Station Bulletin 206. 
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In general, the cistern should be large enough to hold at least a month's 
supply, since there are often extended periods when there is little or 


no rainfall. 


Table | shows the amounts of water allowed for various purposes 
on the farm in figuring the size of storage tanks needed. 


TABLE 1.—Quantities of Water Needed per Day. 


Purposes for Which Needed See 
OnelRersone(norbathme quip cme) meen me rn eee ee 8-10 
Per Persons (aneludinesbathiequipiemt)) meses eee ene 20-30 
For@as blorse ee. Gea Bene tr Sage i an ae ee 5-10 
For a Cow (including amounts for cleaning utensils and stable)...... 15-20 
Portas Flog?) ves. bte oh Seek ota) Sey ee tig © od oe cw eget OR Sek ge ee ee Wad) |S 
Fortam Sheep ts i niee sy cen otek meme ays en an ee ee a [22 


A Circular Storage Tank Constructed of Brick for Use With a Gravity Water Syst 
Brick Tanks Should be Well Plastered on the Inside With a Rich Comment Mixtiweate 
Make Them Water-Tight. (See Discussion on Pages 13 and 14). 


As an illustration of the rela- 
tion of “roof area’’ and “‘regional 
rainfall” to the size of the cistern, 
a typical example should suffice. 

According to the figures of 
the United States Weather Bu- 
reau, Washington, D. C., covering 
a period from 1891 to 1925, the 
average annual precipitation in 
West Virginia was 42.74 inches. 
Assuming that water is to be col- 
lected from the roof of a barn 
28 by 58 feet and the roof over- 
hangs one foot on all sides, the 
number of gallons that would go 
into the cistern would be the 
amount of water that would fall 
on an area 30 by 60 feet. To de- 
termine the number of gallons 
ye eee rit > Conran; cor Use Wit kGraeity 

Water System. (See Discussion on Pages 
ply the length of the roof by the (13 and 14). 
width of the roof area; then multiply this product by the annual pre- 
cipitation and divide the final product by 1.6 or oe 48,082 


gallons. Some allowance must be made, however, for waste, evap- 
oration, loss by blowing of wind, etc. Therefore, one-third (1) of 
the above figure is taken away to account for these losses, or 48,082 
— 16,027 = 32,075 gallons. Since it is estimated that only one- 
fourth of this amount is in the cistern at any one time, the largest cis- 
tern necessary to store water from this roof would have a capacity of 
8,019 gallons (See Tables 2 and 3). This cistern would then furnish 
water sufficient to supply a family of four persons where the home 
is fully equipped with running hot and cold water, bath, and laundry 
equipment, or nine persons where the water is carried from the out- 
side. Since the annual precipitation varies so greatly in different sec- 
tions of the state, it is advisable to obtain the figure for annual pre- 
cipitation from the nearest weather station. 
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RUNNING WATER SYSTEMS FOR THE HOME 


A Simple and Inexpensive Installation 


Many farmers feel that the installing of conveniences in the home 
can come only when there is a goodly bank surplus to pay the bills. 
As a matter of fact, a beginning can be made which will cost but little, 
and further additions to the system can be made as funds become 
available. 

One of the simplest installations, which costs comparatively little, 
and proves to be a real saver of time and labor, is the placing of a 
pump in the kitchen. 


Where the vertical lift is not more than 20 feet, a pitcher pump 
may be installed, as shown in Figure 5. The cost of piping, pump, 
and sink for such a system is comparatively low, rarely more than 
$20, and the task of putting it in is so simple that no skilled labor is 
required. In case the vertical lift exceeds 20 feet, a force pump will 
be necessary. The pitcher pump will draw water laterly a distance 
as great as 50 feet. For those who desire the convenience of water 
inside the house, but who feel they can afford to invest very little in 
obtaining it, this type of installation is reeommended. 


Fig. 5.—A Simple Pitcher Pump Installation. 
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Fig. 6.—Diagram Showing How the Simple Installa- 
tion Shown in Figure 5 May be Enlarged Upon 
by the Addition of a Force Pump and a Hot Water 
Tank. A Storage Tank in the Attic May Also be 
Added as Shown in the Lower Half of the Dia- 


gram. 
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If it is desired at 
some later date to add to 


this system in order to 
obtain hot water also, it 
can easily be accomplish- 
ed by providing a pump 
with a special valve and 
installing the hot water 
tank and necesary equip- 
ment. Where gas is avail- 
able, as it is in numerous 
sections of West Virginia, 
the water may be heated 


by a coil gas burner of the 
type shown in the upper 
half of Figure 6. Or, in 
case gas is not available, 
the water may be heated 
by connecting the tank 
with a waterfront in the 


kitchen range. This 


makes posible an inex- 
Even Crude Devices Are Often a Step Toward More 


Permanent Equipment. pensive hot and cold 


water system, and one that is easily and cheaply installed. In this 
system the hot water faucet should always be left open in order to 
take care of the expansion and thus prevent the development of too 
high pressure in the tank. To obtain hot water it is necessary to close 
the valve in the spout and operate the pump. 


The valve shown in the spout of the force pump serves three 
uses. When clear out, it closes the spout so that water may be pump- 
ed to an elevated tank. When clear in, it closes the pipe so that 
water cannot return from the tank to the spout or pump. When in 
this position, if the pump is operated, water will be delivered at the 
spout. If the valve is half-way in it allows water to flow from the 
storage tank through the spout as in an ordinary faucet. 


A still further development of the system may be made by con- 
structing a storage tank in the attic, and using the pump to force water 
to it as shown in the lower half of Figure 6. From there it will run 
back by gravity, providing a system of running hot and cold water. 
Such additions as are here outlined can be made to the origional in- 
stallation from time to time, whenever desired. 
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A safe and abundant water supply is appreciated to the greatest 
extent, however, when it is most convenient. The progressive farmer 
recognizes the desirability, therefore, of a water supply system which 
will provide a constant flow of water without hand labor. He sees in 
it a considerable saving in labor for himself and his family, a source 
of comfort and convenience in his home, and a means for the pro- 
vision of an adequate system of sewage disposal which will be a safe- 
guard for the health of the family. 

Recognizing these features which recommend the water supply 
system, the farmer is confronted with two problems. The first of 
these is what type of water system is best suited to his individual con- 
ditions. The second question is a matter of cost. 


Gravity Water Systems 


Many types of gravity water systems may be installed, depending 
upon the individual conditions. All, however, work on the same 
principle. A supply of water is located at an elevation enough higher 
than the point of delivery that the water is obtained under sufficient 
pressure. Sometimes water may be piped directly from the source 
of supply; often an elevated tank is used; storage tanks are sometimes 
located in the attic, or barn, or water may be pumped from a lower 
level to a reservoir on a nearby hill and returned from there by gravity. 

Because of the frequent occurence of springs, and because of the 
topography, a comparatively high percentage of farmers in West 


Running Water at the Barn Saves Time and Labor. 
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Virginia have conditions such that by merely enlarging the spring 
basin and constructing a tight and well protected reservoir there, (See 
illustrations on pages 8 and 9), water may be piped to the house 
directly by gravity. In most cases where this may be done, the dis- 
_ tance that the water would have to be piped is less than 300 yards.* 
These conditions are ideal for the installing of a running water system, 
and require a minimum of equipment. If the source is not at an ele- 
vation sufficient to deliver water to the second story under sufficient 
pressure, the bathroom may be located on the first floor. 

Very simple gravity systems have been found that at least effect 
a saving in the carrying of water for household uses. One ingenious 
West Virginia woman had a cistern constructed in a hillside which 
sloped sharply up at the rear of the house. Into this cistern was run 
the water from the roof. The cistern was just high enough to deliver 
the water at the kitchen sink, thus making a very simple installation. 

The cost of a gravity system when water is piped directly to the 
house is confined to the cost of the pipe, kitchen and bath equipment, 
construction of the reservoir, and any labor costs connected with the 
installation. The cost of plumbing fixtures for the kitchen and bath 
includes a wide range, depending upon the type and quality prefer- 
red.{ The best indication of the cost of such a system may be ob- 
tained from the fact that all complete systems of this type found in 
a survey of more than 500 West Virginia farms, had been installed 
for from $300 to $400. This does not include, of course, any estimate 
of labor; it merely represents the actual cash outlay. 
Where water cannot be piped directly to the house from the 
source of supply, it is necessary to employ some means of forcing it to 
a higher level. The most satisfactory system of this type is one where 
the storage tank can be located on a rise of ground near the house. 
By installing a pump at the source of the water supply, forcing the 


TABLE 2.—Capacities of Rectangular Cisterns or Storage Tanks in Gallons and 
Barrels (311% gal.). 


Depth Length and Width in Feet 
in 6 by 6 6 by 8 8 by 8 8 by 10 10 by 10 
Feet Gal. | Bbl. Gal. | Bbl. | Gal. | BbI. Gal. Bbl. | Gal. Bbl. 
5 1350 43 | 1800 57 | 2400 76 | 3000 OH || 3730 || 1s 
6 1620 51 | 2160 68 | 2880 91 | 3600 | 114 | 4500 | 143 
7] 1890 COR|E2520 80 | 3360 | 106 | 4200 | 133 | 5250 166 
8 2160 68 | 2880 91 | 3840 | 122 | 4800 | 152 | 6000 190 
9 2430 77_| 3240 | 103 | 4320 | 137 | 5400 WAL || G#5O |) Qi 
10 2700 85 | 3600 | 114 | 4800 | 152 | 6000 190 | 7500 | 238 


*West Virginia Agricultural Experiment Station Bulletin 206. 
tSee pages 23 and 24 for a discussion of plumbing equipment. 
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TABLE 3.—Capacities of Circular Cisterns or Storage Tanks in Gallons and 
Barrels (3116 gal.). 


846 Pays || Me yey2 
940 30 | 1469 


42 | 1904 60 | 2591 83 | 3384 | 107 
46 | 2115 ow |) PACED AL | seo || TI) 


Depth | Diameter in Feet 

in | 4 5 6 7 | 8 

Feet | Gal. | Bbl. | Gal. | Bbl. | Gal. [| Bbl. | Gal. | BbI. | Gal. | Bbl. 
5 470 15 (35 alee23 O58 33 | 1439 45 | 1880 59 
6 564 18 881 Z8n\ 1269 4 Oa mmlegezyy 35» || BRS 71 
7 658 73) 1028 | 32 | 1481 47 | 2015 64 | 2632 83 
: 15z 24> ab75 | 37 | 1692 54 | 2303 73 | 3008 95 
0 


water into the tank, and allowing it to run to the house by gravity, 
a comparatively simple system and one requiring little upkeep cost 
is secured. The advantage of a tank of the type mentioned is that it 
can be built of durable materials, and placed underground, thus 
eliminating the danger of freezing and also assuring a supply of cool 
water. The capacities of storage tanks are shown in Tables 2 and 3. 

Numerous other types of elevated tank systems may be found. 
In some cases, a storage tank is located in the attic. This has some 
disadvantages in that there is a danger from freezing, and of damage 
from leakage, the tank has to be constructed of either metal or wood, 
and the water in summer months becomes warm. The cost of upkeep 
is somewhat greater than where the tank may be located underground. 
Where it is impossible, however, to locate the storage tank on a near- 
by hill, this type of system works satisfactorily. 

Sometimes the tank is built up as an elevated tank near the 
buildings, but this is expensive. In such cases it would probably be 
advisable to install some type of pressure system instead. The tank, 
too, may be located in the barn, but there again the danger of freezing 
enters in. 

Various methods are used for pumping water to the storage tank, 
the most important of which are the windmill, a single or double act- 
ing force pump operated by a small gasoline engine or electric motor, 
and the hydraulic ram. 

The windmill has been tried in some sections of West Virginia 
and proved unsuccessful, due to the irregular wind conditions which 
make its use unreliable. On farms, however, where conditions war- 
rant, the windmill furnishes a satisfactory means for pumping water, 
with an upkeep expense which is relatively low. 

The gasoline engine is the commonest source of power for 
pumping water. By operating the pumping unit at intervals and for 
comparatively short periods, a goodly supply may be mantained in 


the tank. 


irginia Farm. 


A Windmill Furnishing the Pumping Power on a West V 
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Where conditions will permit, a hydraulic ram may be used to 
force water to the storage tank. Because of the fact that the ram will 
only deliver from approximately one-tenth to one-seventh of the 
water that flows to it from the spring, it ought not to be installed un- 
less the flow from the spring is sufficient to operate it. It is not ad- 
visable to install a ram unless the flow from the spring is at least three 
gallons per minute at all seasons of the year, and unless the  top- 
ography is such that the proper fall in the supply pipe can be obtained 
without having to go too great a distance. 

To have the ram operate successfully, there should be one foot 
of fall in the supply pipe to every seven feet water is to be lifted ver- 
tically. The length of the supply pipe should be equal to the vertical 
lift, except in cases where the lift is short. If the fall is less than five 
feet, the length of the supply pipe should be eight to ten times the 
total fall. The delivery pipe should never be less than one-half inch 
in diameter because of the friction in the pipe. The ratio between 
the size of the supply pipe and the size of the delivery pipe is usually 
two to one. Figure 7 shows the ram in cross section and also a 
diagramatic representation of an installation. 

Water flows from the spring through the supply pipe A to the 
ram. It gradually gains momentum as it flows on and out of the 
waste valve C. Finally the water is moving with velocity sufficient to 
force the waste valve closed. ‘Then the only outlet for the water is 
through valve E and into the air chamber B. ‘The water, due to the 
momentum it has acquired, rushes into the air chamber and compress- 
es the air. The weight of the water, and the pressure forces the valve 
E closed again. The water by entering the chamber against pressure 
is finally brought to a standstill, thus releasing the pressure against the 
waste valve which allows it to open again and the operation begins 
anew. The expansion of the air in the air chamber forces the water 
through the delivery pipe D. The cost of the sizes of ram found on 
the farm ranges from $8 to $20. 

Innumerable and varied are the applications that are found of 
the principles involved in the gravity system; from the simplest sort 
of construction as shown in the picture on page 12 to the complete 
and much to be desired type of system. Because of this fact estimates 
of cost can be made for only the complete system, and even these are 
but approximate since conditions on no two individual farms are the 
same. 

Because of the fact that so many types of power can be used in 
the gravity system where power is necessary, and because there are 
such variable possibilities in the kinds of equipment and the amounts 
of materials used, it is difficult to give any accurate estimate of the 
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cost of installing this system. From data obtained from the farmers 
themselves, however, it is safe to conclude that a gravity system of 
this type, complete with bath, kitchen, and laundry equipment, may 
be installed under West Virginia conditions, for a cash expenditure 


of from $300 to $600. 
Pressure Water Systems 


Where conditions are such that the installation of a gravity 
system would prove either extremely difficult or too expensive, some 
type of pressure system may be installed. There are two types of 
pressure systems on the market: the hydropneumatic and the pneu- 
matic systems. 

In the hydropneumatic system a pump operated by hand, a gas- 
oline engine, or an electric motor, forces the water into a large gal- 
vanized or black iron storage tank. As water cxntinues to enter the 
tank, the air above the water becomes more and more compressed, 
thereby creating an increasing pressure on the surface of the water. 
When a faucet in the delivery system is opened it furnishes an outlet 
for the pressure in the tank and water is forced through the pipe to 
the point of delivery. 

Since the presure in the tank decreases as the air continues to 
expand and the quantity of water decreases, it is well to provide a tank 
of liberal proportions, unless electricity is available. In this case, the 
system can be made automatic and such a large storage tank is not 
necessary. If a tank of reasonable size is not provided where a gas- 
oline engine or hand power is used, it means much more careful atten- 
tion will have to be given the system in order that the tank may be 
kept supplied with water, and the pressure maintained. 

Some advantages offered for this type of system are: (1) There 
is no danger of damage from leakage as in the case where there is a 
storage tank in the attic. (2) The tank is usually in the cellar, and 
the danger from freezing is minimized; also the water is cool in warm 
weather. (3) With this type of system satisfactory pressure can be 
obtained at the highest faucet in the house. 

The cost of the hydropneumatic system varies with the size of 
tank, kind of pumping power used, depth of well, etc. The cost of 
a system for the average farm, however, would range from $100 to 
$200. In addition to this would be the costs of installation, labor, 
piping, and plumbing equipment which would bring the total cost of 
installation to from $300 to $500. Figure 8 illustrates a complete 
installation using a hydropneumatic system. 

In the pneumatic system a gasoline engine or electric motor is 
used to operate an air compressor which forces air into a storage tank 
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under pressure. From the tank a line of one-half inch pipe is laid to an 
air pump located in the well. The delivery pipe is also connected to 
the pump. When a faucet in the delivery line is opened it furnishes 
an outlet for the pressure in the air line. The air passing through the 
pump operates it and causes water to be forced through the delivery 
pipe. The chief advantage of this system is that it will furnish fresh 
water direct from the well. Due to a pressure regulating device be- 
tween the air tank and the pump, a uniform pressure at the pump can 
be maintained. In case of emergency, such as fire, the device may be 
thrown out, and the full pressure in the tank allowed to go on to the 
pump. 

In general, this system is somewhat more expensive than the hy- 
dropneumatic system. The ideal installation is one where electricity 
is available because the system can then be made automatic. 

In either the hydropneumatic or pneumatic systems the main 
working parts may be placed where most convenient and safe from 
freezing. 


Service Pipe 


Among the kinds of pipe now in use, the four that concern the 
farmer most for service pipe are lead, brass, wrought iron, and steel. 


LEAD 


Lead pipe has been used to convey water for centuries. (Its 
use dates back to the days of Babylon and Pompeii.) As service pipe, 
however, its use has very greatly declined in recent years. This has 
been largely due to the fact that certain waters dissolve sufficient of 
the lead to make the use of the water for drinking purposes dangerous. 
Cases of lead poisoning have not been uncommon. Lead pipe has 
been used quite extensively in farm installations where there is a con- 
tinuous flow of water. In such cases, the danger of poisoning from 
using the water is confined very largely to the first few days after the 
pipe has been installed. When the flow is intermittent, however, and 
water is allowed to stand in the pipe, some other type of service pipe 
should always be recommended. 

Lead pipe is apt to sag unless well supported, and is easily in- 
jured by external pressure, blows or the gnawing of rats. Its limited 
use may also be partially accounted for by the fact that it is relatively 
expensive. For waste pipe, lead is admirably adapted because it 
corrodes very slowly and is not readily affected by chemical action. 

BRASS 


Brass pipe is probably the best service pipe obtainable. The 
reason for its limited use lies in the fact that it is quite expensive. 
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Brass pipe posseses all the desirable features found in the other service 
pipes, coupled with great durability. It is extremely valuble as a con- 
veyor of hot waters, since they do not attack the pipe, and corrosion 
takes place very slowly. If used only in the hot water system, brass 
pipe is to be recommended. 


WROUGHT IRON AND STEEL 


Wrought iron and steel pipe differ in their chemical makeup, but 

on the market the terms are often used synonomously. In ordering 
wrought iron pipe it is, therefore, well to specify “‘genuine wrought 
iron.” 
Wrought iron and steel pipes oxidize very rapidly and therein 
lies their chief disadvantage. Much experimental work relative to the 
comparative rate of corrosion of the two metals has been carried on. 
It is the consensus of opinion among those who have made extensive 
tests that wrought iron does not corrode nearly as rapidly as steel 
under ordinary service conditions. 

Zinc coated or galvanized pipe, under average conditions, will 
undoubtedly give longer service, since the zinc forms a protective 
covering which retards the rate of deterioration. All factors con- 
sidered, however, the best service pipe for farm use is galvanized 
wrought iron pipe. The advantages are that it will withstand press- 
ure, is easily put together, is relatively cheap, and reasonably durable, 
making it an economical pipe investment. 

SIZE OF PIPE TO USE 


Since the smaller the pipe, the greater the friction, thus decreas- 
ing the pressure, and since in the smaller sizes of pipe obstructions of 
rust are more apt to occur, it is well to get a pipe of fair diameter even 
though the initial cost is slightly increased. The amount of head and 
the distance water is to be piped are also factors to be considered. For 
an average installation, however, an inch or inch and a quarter pipe 
will prove much more satisfactory in the long run than the smaller 
sizes. 

FRICTION IN PIPES 

Account must always be taken of the friction in the pipes, since 
this one factor alone will often determine the successful operation or 
the failure of a pump, ram, or water system. 

Table 4 gives the friction loss in head for the commoner sizes of 
pipe. These figures are of value in working out numerous piping prob- 
lems. They also show clearly why the larger sizes of pipe are neces- 
sary where the water has to be piped long distances. 

For example, assume that water is to be piped from a spring 500 
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TABLE 4.—Friction of Water in Galvanized Pipes* 
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*Adapted from tables compiled by the Rural Engineering Department, Cornell Univer- 
sity. 


feet away from and 40 feet above the house, and a discharge of 5 
gallons per minute is desired. If a 34 inch pipe were installed, there 
would be a loss of head, due to friction, of 70 feet. With a 1 inch 
pipe this loss in head would be 21 feet, and with a 1'%4 inch pipe, the 
loss in head due to friction would be reduced to 6 feet. This illustrates 
that in the case of the 34 inch pipe the system would not work, as de- 
sired, while with the | inch or 114 inch pipe the results would be very 
satisfactory. 

It should also be remembered in installing the pipe, that the few- 
er the bends, the less the pressure is affected. Consequently, effort 
should be made to have a minimum number of elbows in the pipe. 


Plumbing Equipment 


In planning the installation of a water system, the question always 
arises as to just what kind of equipment to buy. Consequently, a 
brief discussion of the kinds, and costs, of the various items of equip- 
ment may aid in formulating the decision. 

There is such a wide range in the kinds of equipment available 
that one may be largely guided by personal choice within the limits 
of the pocketbook. It is, however, false economy to purchase cheap 
equipment, from the standpoint of durability, satisfaction, and appear- 
ance. 

THE KITCHEN SINK 

Many types of sinks are available for use in the kitchen, and at 
prices ranging from about three dollars to sixty dollars. This makes 
it possible to install a three dollar sink and a fifty cent drain board, 
or something more costly up to an enameled iron sink and drainboard 
combined, with white enameled back. All serve the same purpose 
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but from the standpoint of the housewife, some type of enameled sink 
is to be preferred. It is much easier to keep clean, presents a much 
neater appearance, and adds a tone of sanitation and cheerfulness in 
the kitchen which offsets the slight additional cost. 


LAUNDRY TUBS 


When running water is available an investment in tubs into 
which water can be run and from which it can be drained, without the 
use of hand labor, is worth while. The tubs may be made of wood, 
slate, or enameled iron. Although wooden tubs are cheap and can be 
made at home, they will give off disagreeable odors after a time be- 
cause of the absorbtion of organic matter. Slate tubs, a set of two, 
can be purchased for from $25 to $35. The chief advantage of en- 
ameled tubs over slate is their appearance, and the cost is about three 
times as great. 


BATH TUBS 


One of the most difficult cleaning tasks in the household is clean- 
ing under and behind the bathtub. For this reason a “‘built-in’’ en- 
ameled tub is to be preferred as it fits snugly into the corner of the 
room and eliminates the necessity of cleaning beneath and behind it. 
It also presents a much cleaner, neater appearance. Any enameled 
tub, however, is much to be preferred to the tin-lined tub of the type 
common a few years ago, and will cost from $20 to $100. 


WASH BASIN AND WATER CLOSET 


The wash basin should be of enameled iron and of a type to cor- 
respond with the style of the other bath equipment purchased. 

The most satisfactory style of water closet is either the syphon 
or syphon-jet closet. Their advantages over the other types lie in the 
fact that they are more sanitary, quieter, and there is less likelihood of 
disagreeable odors. 

ARRANGEMENT 


The plumbing should all be arranged around a single soil stack 
and all items of equipment should be provided with traps in order 
to make a tight seal for the prevention of odors. The soil stack should 
be of cast iron and not less than four inches in diameter, with the joints 
tightly calked with lead and oakum. 

In installing equipment in the kitchen, care should be taken to 
locate it so that the work can be done with the greatest economy of 
effort. Definite suggestions in regard to kitchen arrangement may be 
obtained by writing the Agricultural Extension Division, College of 
Agriculture, Morgantown, West Virginia. 
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SUMMARY 


1.—Improved roads in West Virginia have brought an 
opportunity to several farmers for disposing of their 
farm products direct to the consumer through Roadside 


Markets. 


2.—Fruits, vegetables, poultry and eggs, butter, canned 
fruits, jellies, sandwiches, and soft drinks are the best 
sellers through the Roadside Market. 


3.--The best location for a Roadside Market is on a slight 
grade or at the top of a hill. At the bottom or on the 
side of a hill, on a curve or behind anything which will 
obstruct the view of the motorist is a poor location. 


4.—In general the best returns have come to Roadside Mar- 
kets when the price asked is somewhere between the 
city wholesale and retail prices. It appears to be poor 
business practice to ask city retail prices for products 
offered for sale at a Roadside Market. The smaller 
volume of business resulting from such a price policy 
will mean smaller net returns to the enterprise. 


5.—Advertising may be used very effectively in attracting 
customers to the Roadside Market. 


6.—It is good business practice to grade and maintain a 
high standard for all products offered for sale through 
the Roadside Market. 


7.—An attractive display is an important factor in effecting 
sales. 


8.—Attendants should be neat and clean, and the premises 
should be kept clean and attractive. 


9.—It seems desirable that a large part of the products of- 
fered for sale should be produced locally. 


Roadside Marketing for West Virginia Farmers 


A roadside market is a stand along a road where a farmer offers 
his farm products for sale direct to the consumer. The stand may 
be a permanent building, a temporary building, or merely tables or 
benches on which the products are displayed. 


The two most important considerations in contemplating the 
establishment of a roadside market are to have something to sell which 
the consumer wants and to have a sufficient number of consumers 
passing who may be induced to stop and make purchases. 

It is only in recent years that West Virginia has ‘‘come out of the 
mud” in so far as road construction is concerned. Most of the im- 
proved roads in the state have been built during the past five years 
and still more recently have our larger cities been connected with hard 
surfaced roads. Hard surfaced roads lead out in several directions 
from each of the larger cities of the state. There are sufficient through 
roads to attract many tourists, and many people who live in the towns 
and cities make short drives into the country. Travel over the high- 
ways has increased enormously during the past two years, and as con- 
necting links and roads already planned are completed there is prom- 
ise of a still greater increase in highway travel. There seems little 
doubt but that there are a sufficient number of consumers traveling 
some of the highways to justify a few attempts at roadside marketing. 


For a long while it has been necessary for the farmer to take his 
product to the consumer. It was on rare occasions only that the city 
consumer travelled far into the farming sections. But now hundreds 
of consumers pass by farms each day. They consume the kind of 
things, often the very products, grown on the farms which they pass 
but which have been marketed through the regular channels. Why 
then should they not buy direct from the farmer? 

Roadside marketing, for the present at least, offers an opportunity 
in marketing for only a few of the more enterprising farmers who live 
on the more travelled roads and who are in a position to produce 
commodities which the consumers want. To be more specific there 
appears to be an opportunity for success in the undertaking along the 
various roads leading out of Wheeling, Huntington, Charleston, 


The picture on the front cover of this circular and the one on page 5 are printed 
through the courtesy of the University of Maryland, Agricultural Experiment Station. 


4 
Parkersburg, Clarksburg, Morgantown, Fairmont, Bluefield, Martins- 
burg, and possibly some of the other towns of the state. 


This kind of marketing does not hold out much promise to the 
vast majority of farmers as a means of disposing of their products, but 
for those few who are fortunately located there does appear to be a 
real opportunity for marketing direct to the consumer. 


Commercial people have seen the opportunity for highway mar- 
keting, and along the more travelled roads of the state soft drink stands, 
barbecue and lunch stands, and filling stations have taken over many 
desirable locations. From all apperances many of these stands seem 
to be doing a fair volume of business. It is true that these stands 
appeal to a somewhat different sort of trade than would a roadside 
market. It is not to be expected, however, that a roadside market 
would attract the majority of travellers, but for its business must de- 
pend on selling to a minority of those who pass. 


For West Virginia, roadside marketing will be a new venture, 
except in a few sections, but it has been tried for several years in 
the neighboring states of Maryland, Pennsylvania, New Jersey, and 
Massachusetts, as well as in other sections of the United States. Both 
the farmers and consumers in West Virginia are in a position to profit 
by the experiences which our neighboring farmers have encountered 
in such a marketing enterprise. This circular is an attempt to present 
something from the experiences of other states which may be of value 
to those who desire to undertake roadside marketing in West Virginia. 


Kind of Products to Offer For Sale 


Fruits and vegetables of various kinds, potatoes, live and dressed 
poultry, eggs, butter, canned fruits, jellies, ice cream, sandwiches, in 
fact most any kind of food commodities which the farmer and his 
family can produce may be offered for sale and find an outlet through 
the roadside market. In connection with the above things a gasoline 
filling station might be operated, and also candies, tobacco, and soft 


drinks sold. 


Of course, this sort of marketing will not take care of the disposal 
of products such as grain, hay, and livestock. A trade might be built 
up, however, for such products are dressed meats and sausage. It is 
desirable that a market specialize along a certain line so as to build 
up a reputation for a few products, but it is a good practice to carry 
a variety of things so as to have a sufficient volume of business to war- 
rant the operation of the market. 
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Location 


The best location is where the road is level, on a slight grade, 
or on the top of a hill. The stand should not be located along the side 
or at the bottom of a difficult hill. The motorist likes to make the hill 
in high gear and will probably pass by a stand thus located expecting 
to find one where stopping and starting is easier. The stand should 
be located where it can be seen at a considerable distance. This gives 
the motorist time to make up his mind to stop. If other circumstances 
make it necessary to locate the stand on a curve, sign boards should be 
placed along the highway some distance away from the stand to notify 
the motorist that he is approaching a roadside market. This will off- 
set in some measure the effect of a poor location. as 


This Roadside Market is at a Disadvantage Due to Being Located on the Side of a 
Hill. Experience Has Shown That the Ideal Location is at the Top Rather 
Than at the Bottom or on the Side of a Hill. 


It is not best to locate the stand behind a bank or any other 
obstruction, which prevents the motorist from seeing it before he 
reaches it. A shady location is very desirable since it will appeal to 
the motorist on a hot summer day. It is best that the market be lo- 
cated several feet away from the edge of the highway and easy ap- 
proaches onto the highway provided so that cars can easily get off 
the road. It is desirable to have a driveway and a parking space to 
accommodate several cars. A gravel driveway will keep the auto- 
mobile out of the mud and will keep down the dust in dry weather. 


The stand should not be located so that a traffic congestion will 
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result from motorists stopping to make purchases. It should not be 
located opposite a white line placed on the road by highway officials 
nor on a narrow road where traffic is congested, unless it is well off 
the highway. There is danger of accidents from such locations, and 
a few accidents will probably call forth restrictive measures from high- 
way officials. 

A stand may be located on a side road off of the improved high- 
way, but obviously, it will require more extraordinary methods to 
draw trade to one so located than to one located on the highway. 
Every disadvantage in location must be made up for in better adver- 
tising, more attractive stand, higher quality of offering, or more favor- 
able prices. 


Type of Market 


The type of building is probably the least important factor con- 
tributing to the success of a market. It certainly cannot be ranked 
in importance with the service, the quality, grade and pack of the 
offerings, and the price. 

There are many ways in which farm products may be displayed. 
The simplest way is to arrange them on stands or benches or even on 


One of the Simplest Types of Roadside Markets. The Display Could Be Im- 
proved. Placards, Showing the Price and Telling That the Commodities 
Are for Sale, Would Prove of Value in Disposing of the Products. 
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the ground, with a sign indicating the price and that they are for sale. 
The other extreme is a rather expensive building kept open the year 
around and employing one or more attendants. Some of the more 
pretentious markets have wide driveways, ample parking space, and 
provide rest rooms for the convenience of their customers and the 
traveling public. 

The type of market should depend on the quantity of products 
the farmer expects to offer for sale and the length of the season he 
expects to operate it. If there are only small quantities to be offered 
for sale at intermittent periods it would hardly pay to invest in a 
building. On the other hand if the farmer expects to sell more or 
less regularly over a period of four to six months it would be desirable 
to invest in an inexpensive building. A very desirable type of building 
is one in which a part of the walls is on hinges and can be opened, 
making shelves on which to display the product. The farmer should 
select a type of building which he can best afford. It is desirable to 
start in a simple way and expand and make improvements as success 
in the business warrants. 


The Price to Charge 


From a study of Roadside Markets in Maryland, the report of 
which was published as University of Maryland Agricultural Experi- 
ment Station Bulletin No. 280, the authors give the following pertinent 
advice concerning the prices to be asked for products sold through 


roadside markets. 


Price is the greatest factor of all in control of sales. Much attention should 
be devoted to the question of prices and how they affect sales. Many persons 
desire to buy at the roadside market because of the possibility of securing fresh 
farm produce at reasonable prices. Prices should be reasonable, considering the 
quality, grade, and pack, and the fact that the consumer is buying at the point 
of production and doing his own cartage. The trouble encountered is that pro- 
ducers selling on the road often over-reach the mark by charging city prices, 
thus keeping for themselves all the saving made possible rather than dividing 
with the roadside buyer. Generally it is not desirable to charge the full retail 
price, as the retailer sells and delivers on a charge account. There is a very 
decided feeling that prices should be somewhere between city wholesale and retail 
prices. It must be remembered that in the long run a large volume of sales at 
lower prices brings greater returns than fewer sales at higher prices. * * * 
The grower who charges too much will lose his trade just the same as will the 


man in any other merchantile business. * * * 


Prices that should be charged at roadside stands with respect to city prices 
would vary, of course, with the kinds of products sold. There is such a demand, 
particularly during certain seasons of the year, for such products as strictly fresh 
eggs, fresh farm-dressed poultry, etc., that such farm products of good quality 


should command high prices at roadside stands. 
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Advertising 


Advertising is a very important factor in drawing trade to the 
roadside market. Bulletin boards announcing prices and special prod- 
ucts for sale; well worded posters, neatly printed and placed in prom- 
inent positions along the highways; hand bills announcing that certain 


This is a Combination Roadside Market and Lunch Stand. Most of the Things 
Sold Through This Market Came From the Farm of the Owner. The Build- 
ing is Rather Expensive. More Attractive Signs Could Be Used to Advantage. 


commodities are in season, mailed to Prospective customers; short ad- 
vertisements in local papers; all are excellent means of calling the 
attention of the consumer to the stand. The farmer should study 
various means of advertising to secure the best methods suitable for 
his local conditions. 


Grading and Standardizing 


It is most important that the products offered for sale be well 
graded and the standard maintained. The success of the stand will 
depend on repeat orders and constant repeat orders come only when 
the consumer is satisfied that he will get goods of the same high quality 
each time he comes to the stand. Customers often make a special 
trip for purchases, but if they cannot count on finding what they want 
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when they reach the stand they will not make the effort to go to that 
particular stand. No business can be built up on such uncertainty. 

The farmer may sell his low quality product but it should be 
carefully graded from his quality product and displayed in another 
part of the stand. 

To get repeat orders, the farmer must be honest, giving honest 
weights and measures, and putting up an honest pack. A few pur- 
chases in which good apples are on top of the basket and inferior 
apples out of sight; good berries on top and poor berries in the bot- 
tom; a short bushel, or a container not well filled, and a customer is 
lost. Not only is one customer lost but he becomes a knocker instead 
of what might have been a booster. 


Value of Display 


The products should be neatly arranged, and both products and 
premises kept clean, neat, and attractive. The general appearance of 
the products, the stand, and the premises as well as of the attendant 
has much to do with attracting customers to stop. A great variety of 
products should be offered for sale and in sufficient volume to attract 
the attention of the traveller. The consumer has a feeling that he 
can come nearer getting what he wants if he has considerable volume 
from which to make his selections. 


A Combination Roadside Market and Soft Drink and Lunch Stand. A Substantial 
Building, But Not Well Adapted for Displaying Farm Products. Little At- 
tention Has Been Paid to Advertising Features. 


10 
The Attendant 


The stand may be operated by any member of the family. If the 
business is small it is not necessary for an attendant to be in charge all 
the time, but means for calling the attendant should be provided, and 
he should be ready to answer such calls from customers. The attend- 
ant should be neat and clean for this is nothing more than a factor in 
good salesmanship. It is often quite practicable for a child to attend 
to the selling, but older persons, if tactful, stand a better chance of 
building up a business. 


Sell Locally Grown Products 


It seems desirable that a considerable portion of the products 
offered for sale be locally grown. When shipped-in products are 
handled to any extent there is nothing to distinguish the roadside 
market from the regular grocery store, and it is doubtful if shipped-in 
products can be handled through a roadside market at a worth while 
profit; that is, if the majority of the business is done in such products. 


Dairy Products Are Sold Direct to the Consumer at This Farm. The Owner 
Caters to the Tourist Trade. 


Where one farmer does not produce a sufficient quantity or 
variety of products to justify the operation of a market, it would be 
a good plan for some few farmers to sell their products through one 
market. One farmer could be put in charge of the market and the 
others deliver their products to him. One large market would be 


1] 


better and more economical in operation than several small ones. A 
suitable location could be selected, there would be ample quantity 
and variety, there would be business enough to justify a permanent 
building, advertising, and a full time attendant. 
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Steps in Making Good Farm Butter 


1.—Churn cream that tests at least 30 per cent. 


2.—Ripen the cream until thick at 68 to 70 degrees 
Fahrenheit 


3.—Wash, scald, and cool the churn and all equipment 
before churning. 


4.—Use a barrel churn. More butter is obtained and the 
churning process can be kept under control. 


5.—Strain the cream into the churn. 


6.—Use a churning temperature that will bring the butter 
in a firm condition in from 30 to 45 minutes. This 
will be about 58 to 60 degrees Fahrenheit in the win- 
ter and 52 to 54 degrees during the summer. Buy 
a good dairy thermometer and use it. 


7.—Add butter color during the Jate fall and winter; 20 
to 30 drops per gallon of cream will be sufficient to 
produce a “June’’ color. 


8.—Stop the churning process when the butter granules 
are of the size of wheat or corn grains.. Never churn 
so long that the butter comes in one large lump. 


9.—Wash out the buttermilk, with water tempered the 
same or slightly colder than the buttermilk, instead of 
working it out; buttermilk is responsible for many off 
flavors and mottles. 


10.—Salt the butter when it is in a granular form with a 


good grade of butter salt. Hard dry salt dissolves with 
difficulty and should not be used. 


11.—Work the salt thoroughly into the butter. The body 
and texture of the butter should be firm and waxy 
when sufficiently worked. Over-working produces a 


sticky, pasty body and is responsible for rapid de- 
terioration. 


12.—Mold the butter in rectangular pound prints rather 
than in the round form. Wrap in parchment paper 
and store where cool. Paraffin cartons should be used 


to protect the parchment and keep the butter from 
dust and dirt. 


13.—Wash all the utensils thoroughly using a good washing 
powder instead of soap. Rinse with hot water and 
allow to dry in the sun. 


BETTER FARM BUTTER 


ae ee to the latest reports available, West Virginia pro- 
duces annually approximately 18,000,000 pounds of country butter. 
All the butter made on the farms is not sold, of course, but the income 
of most of the general farms in the state is augmented by the sale of 
butter in varying quantities. : 

During the past five years the Dairy Department, College of Ag- 
riculture, West Virginia University, has scored several hundred sam- 
ples of farm butter, representing practically every county in the state. 
The scores of this butter and the criticisims noted indicate that a large 
proportion of West Virginia’s farm butter is of inferior quality. The 
redeeming feature of the scoring contests has been the possibility of 
improvement of quality through the adoption of improved methods. 
Most of the “‘off flavors’’ found in this butter could be eliminated 
entirely by improving some of the steps in butter making. 

The purpose of this circular is to give directions for improving 
the quality of the butter being produced on the farms in West Vir- 
ginia, rather than to increase the quantity produced. 

Higher quality and better prices go together. The amount of 
variation in the price of farm butter in the state is only exceeded by 
the variation of the quality of the butter made. Butter is sold on a very 
definite basis of quality which must be increased before a higher price 
for farm butter can be obtained. With the introduction of roadside 
marketing, home industries shops, Mountain State Brand of butter, 
and the parcels post system for better distribution, wonderful oppor- 
tunities are offered the farm women for selling butter at an attractive 
price. But in order to create a demand and secure repeated sales, the 
butter must be of exceptional quality and be the same week after 
week. By following the steps outlined herein, a general improve- 
ment of quality may be secured and uniformly maintained. 


Necessary Equipment 


The making of good farm butter does not require elaborate 
equipment but depends more on the methods than on the equipment 
used. Necessary equipment for making high quality butter includes 
a floating thermometer, a triangular butter worker, a stirring rod, 
strainer, shotgun can, two pails, two wooden paddles or ladles, a rec- 
tangular butter printer, scales, parchment wrapping paper and car- 
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tons, a stiff fibre scrubbing brush, and good washing powder. The 
accompanying picture illustrates the best types of equipment for mak- 
ing butter on the farm. 


The churn is of the most importance in butter making equipment. 
There are several kinds of churns on the market, each having its advan- 
tages and disadvantages. 


THE DASH CHURN 


The dash churn is used quite extensively throughout West Vir- 
ginia. This is probably the least desirable type of churn that could 
be obtained. First, the up and down agitation with the dasher in- 
volves much labor. Maximum agitation cannot be obtained which 
means that a long churning period will be required. During churning 
some of the cream splashes up onto the handle and the lid and remains 
there without being churned. Furthermore, all the cream is not 
agitated evenly. These factors cause a high fat loss in the buttermilk, 
which means a low yield of butter. 


It is difficult with the dash churn to stop the churning process at 
the proper time, that is, when the butter granules are of right size. 
Usually the butter comes in lumps in which stage it cannot be washed 
properly. Most of the dash churns are narrower at the top than at 
the bottom which makes the removal of the butter somewhat inconven- 
ient. Another disadvantage of the dash churn is that the butter cannot 
be washed in the churn but must be removed and washed where it 


Good Equipment for Making Butter on the Farm. 
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is exposed to the air and in such a way that it is difficult to remove 
all the buttermilk. 


THE SWING CHURN 


The swing churn has several advantages over the dash churn. 
However, it is harder to keep clean and in a sanitary condition, be- 
cause of the angular corners. There is not so great a loss of fat in 
the buttermilk and hence a greater yield of butter is obtained. Max- 
imum agitation is secured with the swing churn only when the churning 
is being done with a rapid, vigorous stroke. In this churn all the 
cream is forced to one end where it splashes back over to the bottom 
of the other end. The course taken by the cream is similiar to the 
figure eight. If the speed is slackened the agitation will be greatly 
reduced which means longer churning. 


THE BARREL CHURN 


The barrel churn has almost universal use and meets the require- 
ments where butter is made on a small scale. It is the best type of 
churn obtainable. There are two kinds of barrel churns in common 
use to-day, the steel churn and the wooden stave. The steel one has 
the disadvantage that, since steel is a good conductor of heat, the 
cream will warm up considerably during churning and the butter may 
come soft. The steel churn, however, has the advantage over the 
wooden one in that it will not dry out and become leaky, when not in 
constant or regular use. 

Maximum agitation and more complete churning can be secured 
in the barrel churn than in most other types of churns. Every particle 
of cream is agitated evenly which means that the size of the butter 
granules can be controlled. They will be of an even size and the 
churning process can be stopped with the assurance that none of the 
granules will be so small that they will pass out with the buttermilk. 

The barrel churn has a vent or opening at the bottom through 
which the buttermilk and wash water may be drawn. This is a decid- 
ed advantage in eliminating the handling of the butter during wash- 
ing. _ The-butter can be easily washed in the churn thus keeping it 
away from exposure to the air and also making it possible to wash 
out all the buttermilk. 


eae Ripening the Cream 


Hick quality cream is the first essential in making a high quality 
butter. It is impossible to produce the highest grade of butter from in- 
ferior quality cream. The making of high scoring butter really begins 
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with milking the cow, cleaning the utensils, and handling the cream. 
These factors have been discussed fully in Circular No. 43, entitled 
“Producing Cream on the Farm,”’ and will not be discussed further 
here. Copies of that circular may be obtained by writing to the West 
Virginia Agricultural Experiment Station, Morgantown, West Virginia. 

As a general thing those who have a large number of cows and 
churn frequently produce the highest quality of butter. This is be- 
cause the cream is churned while fresh and has not developed any 
flavors injurious to the sweet, creamy flavor common to high scoring 
butter. When cream is held for a long period of time, even at a low 
temperature, an old stale flavor develops which is hard to keep out 
of the butter. 

The idea is prevalent that cream must be sour to churn. This 
is not true as sweet cream churns readily and the butter made there- 
from is of exceptional quality. It does, however, lack in flavor, being 
somewhat flat and having little aroma. The American public demands 
butter that is high in flavor and aroma. Such butter is made from 
slightly sour cream. In the creamery this souring or ripening is under 
control at all times. The ripening of cream should be controlled on 
the farm as nearly as possible as it is in the creamery. 


TABLE 1.—Temperatures for Ripening Cream. 


eee Per Cent Temperature Temperature of 
Butterfat to Ripen Cream for Churning 

March 25 70 56 to 58 

to 30 68 54 to 56 
June 35 67 54 to 56 
——— 
June 25) 67 54 to 56 

to 30 67 52 to 54 
November 35 67 50 to 52 
ee ee 
November 105: 68 58 to 62 

to 30 68 57 to 60 
March 35 70 55 to 58 
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“Souring’’ of cream is the changing of milk sugar to lactic acid. 
Tiny organisms called bacteria bring about this change. Tempera- 
tures greatly influence the rapidity of bacterial development. Vari- 
ous numbers of different bacteria are always present in cream. These 
develop their best at specific temperatures. Many of these bacteria 
act upon the milk sugar and bring about a souring, but only a few 
strains are responsible for the clean, mild acid flavor of the butter. 


These particular strains of desirable bacteria grow best at 68 
to 70 degrees Fahrenheit. A higher temperature than this will retard 
their development and favor the development of the undesirable 
types. When the cream is to be ripened it should be well stirred and 
placed in an atmosphere about 70 degrees Fahrenheit. The best 
temperatures for ripening cream are shown in Table 1. 


The cream previous to churning should be handled in one of 
the following ways: 


First Asethod.—Cool all cream as received to 50 degrees 
Fahrenheit or below, and keep it as cold and sweet as possible until 
enough has been secured for churning. Then stir thoroughly and 
raise it to the temperature of from 68 to 70 degrees Fahrenheit. Keep 
it at this temperature until it is sour enough to churn (usually 18 
hours is long enough); cool to churning temperature; hold for two 
or three hours; then churn. 


Second ACethod. —Warm the first gathering of cream to 70 
degrees Fahrenheit and hold it at this temperature until it is slightly 
sour; cool as cold as cellar or spring house temperature; hold at this 
temperature and add, after cooling, each succeeding batch of cream 
to it, stirring each time. When enough has been secured for a churn- 
ing, it will usually be sour enough to churn. If not, warm up to 70 
degrees Fahrenheit and hold until sour; then cool to churning temp- 
erature; hold for two or three hours; and churn. 


CGhird IsCethod—Add one quart of good, clean clabber or but- 
termilk to the first gathering of cream. Stir, set at cellar or spring 
house temperature, then add each successive batch of cream after 
cooling, and proceed as in the second method. 


: At the proper degree of ripeness the cream will appear shiny, 
thick, and will not be foamy and wheyed off as is the case when over- 
ripened. These methods of ripening cream on the farm have no 
equals. Never set the can of cream behind the stove for ripening un- 
less this is necessary to give the desired temperature. 
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If starters are to be used they should be propagated separately 
through skim milk, and added directly to the cream at the time of 
ripening rather than saving buttermilk from each churning. One 
cup of good starter to every two gallons of cream should be sufficient. 
Pour the starter into the cream and stir well when the cream is brought 
into the ripening room. Cultures can be had from various dairy sup- 
ply houses. Directions for propagating starter usually accompany 
each culture. 


Preparing the Equipment 


Just previous to churning, the churn, worker, printer, and ladles 
should be washed thoroughly to remove all dust and dirt which may 
have accumulated since the last churning. If the churn and equipment 
were washed properly at the close of the previous churning little 
scrubbing will be necessary. Use a washing powder and rinse it off 
with cold water. Then soak all the equipment in scalding water for 
about five minutes. Immediately following this rinse and soak the 
same utensils in cold water. The paddles and printer should remain 
in the cold water until ready for use. The hot water opens the pores 
of the wood which are filled and closed when soaked in cold water. 
This procedure prevents sticking of the butter in the churn and on 
the paddles and worker during working and printing. 


Adding Butter Color 


Only during late fall and winter will it be necessary to add butter 
color. The market demands a light yellow-colored butter. When 


the cows have access to pasture, the butter fat will have sufficient 
color. 


During the late fall and winter when dry feeds are fed, the cows 
cannot get enough of this coloring matter from their feed to impart 
a rich golden yellow to the fat. At this time it is necessary to add a 
small amount of a good color to the cream just previous to churning. 
The coloring is a vegetable product and does not injure the butter in 
any way. The amount of color used varies with the time of the year 
and the strength of the color. The maker must use judgment 
as to the amount to use. The important thing is to maintain the same 
color in the butter throughout the year. In winter the quantity re- 
quired to produce the desired shade of yellow ranges from 20 to 30 
drops per gallon of cream. When measured in a teaspoon this amount 


is from a quarter to a half teaspoonful. The color should always be 
added just previous to churning. 
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Temperature and Time of Churning 


The more important factors which influence the temperature at 
which to churn are, season of the year, stage of lactation, and feeds 
fed the cow. 

No definite churning temperature can be given which will be 
suitable for all times. A person must use judgment as to the best 
temperatures for producing a firm body of butter knowing fully the 
factors involved. The best churning temperature is that which will 
require from 30 to 45 minutes to churn. The resulting butter should 
be fairly hard and firm. When the butter comes in this condition, 
the size of the granules can be controlled and the buttermilk can be 
washed out easily. Furthermore, the salt can be worked in well 
without injuring the body of the butter. Butter that comes soft and 
slushy is full of buttermilk and will have a greasy and weak body 
after washing out the buttermilk and working in the salt. Butter is 
often churned at too high a temperature. This may cause rapid de- 
terioration of the butter due to the presence of excess buttermilk. 

The best churning temperature for the winter months is 58 to 
60 degrees Fahrenheit while 52 to 55 degrees will be suitable temp- 
eratures for churning during the summer. These may need to be 
varied a few degrees to suit best the conditions of particular herds 
and stages of lactations. The hardness of the fats alone will determine 
largely the correct temperature. Cows on pasture and green feeds 
produce milk with a higher percentage of soft fat hence the necessity 
of lowering the churning temperature during the summer. The oppo- 
site is true during the winter. Cottonseed meal is known to produce 
hard fats while linseed meal produces soft ones. 

As a cow advances in her lactation period the fat globules be- 
come harder and smaller. When all the cream is from such cows it 
is necessary to raise the churning temperature a few degrees if the 
butter is to come within a reasonable period of time. 


Cooling Cream Before Churning 


When the cream is cooled from 70 degrees Fahrenheit to churn- 
ing temperature and churned immediately the butter will come very 
soft and in about the same condition as though it were churned at 70 
degrees. Although the thermometer shows that the cream itself has 
cooled to the proper temperature, the tiny fat globules are yet warm. 
It requires about two hours for them to cool down to the temperature 
indicated by the thermometer. Therefore, always hold the cream 
about two hours at the churning temperature before beginning the 


churning. 


Straining the Cream into the Churn. 
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Never put ice directly into the cream to cool it to the proper 
temperature for this causes a tallowy body in the resulting butter. 
Set the can of cream into another can of cold water until the cream 
comes to the right temperature. Ice may be placed in the outer can 
if necessary. Changing the cooling water frequently will hasten the 
cooling. Stir the cream vigorously at intervals while cooling. 


The Churning Pyrccess 


The churn should be prepared for churning by being thoroughly 
washed, scalded, and cooled before placing the cream in it. The 
cream should be strained into the churn to remove possible heavy 
lumps of curd. A 20-mesh seive dipper has been found to be very 
satisfactory for this. The churn should never be filled more than 
one-third to one-half full. 

The churn should be turned fast enough to get the greatest 
amount of concussion within the churn. With the barrel churn this will 
be about 45 to 55 revolutions per minute. Turning too slowly re- 
sults in the cream flowing around the sides of the churn with little 
agitation. On the other hand, too rapid churning results in the cream 
clinging to the sides of the churn without any concussion whatsoever. 


When churning first begins the cream will swell and it will be 
necessary to let the gas or air escape. Turn the churn up two or three 
times at intervals of a few minutes, open the vent in the bottom of 
the churn and allow the gas to escape. This will not be necessary 
after the first few minutes of churning. 

As the churning progresses the cream will foam and finally whip 
up not unlike whipped cream. When in this condition, it will be 
necessary to slow down the churning or else the cream will cling to 
the sides and move with the churn without any agitation. When 
the cream becomes thick during churning it is about to “‘break,”’ or 
in other words, “‘the butter is about to come.’” When the peep glass 
first becomes clear stop the churn, take off the lid, and examine the 
butter. The granules should be about the size of wheat or corn grains. 
Notice on the lid whether there are any tiny butter particles. If 
there are any very small butter granules present the churning is not 
completed, but will require another revolution or two. Above all 
else discontinue the churning process before the butter collects into 
large balls in which condition the buttermilk cannot be washed nor 
worked out. .Even overworking the butter later which brings other 
very undesirable results, will not get all the buttermilk out once the 


butter is churned into large balls. 


Churning Incomplete; Granules Not Yet Well-Formed 
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Washing the Butter 


Good butter cannot be produced unless the buttermilk is washed 
out of the butter completely. Buttermilk contains the milk sugar and 
casein, both food for bacteria. If this food supply for the bacteria 
is eliminated it is obvious that the bacterial growth will be greatly re- 
tarded. Many of the “‘off’’ flavors of butter, such as rancidity, and 
sour butter are due to the presence of buttermilk in the butter. Further- 
more, mottles and white specks in butter are the result of buttermilk 
together with uneven distribution of salt. 

There is but one way to get the buttermilk from the butter and 
that is to wash it out. When the churning process has been stopped 
with the butter granules the size of wheat grains this can best be done. 
Fasten the churn upright, open the vent and draw off the buttermilk 
through the strainer. With plenty of wash water previously tempered 
to the temperature of the cream or one or two degrees colder than 
the buttermilk, flush down the sides of the churn and the butter with 
a couple of quarts of wash water. After this has drained out close 
the vent and add to the churn about as much water as there was but- 
termilk. Churn not more than five revolutions. Drain this off and, 
if the wash water is very milky, repeat the same process using the same 
amount of wash water. 

Washing is not intended to harden the butter. The hardness 
has been already determined by the churning temperature. Should 
it be necessary to harden the butter somewhat before working this 
should be done gradually by placing the butter in water a couple of 
degrees colder than the butter rather than by adding ice water to the 
churn. Ice water applied directly to soft butter causes it to become 
brittle and thus injures the firm waxy body. 

Only clean, pure, water should be used in washing the butter as 
the butter will take up and retain part of the impurities of water, if any 
are present. 

Salting and Working the Butter 

Entirely too much of West Virginia's farm butter contains un- 
dissolved salt and is criticized for being “‘gritty’’. This does not mean 
that too much salt is used, but rather the wrong kind of salt was used 
or the salt was not worked in sufficently. 

After the butter is taken from the churn and placed onto the 
triangular-lever butter worker, salt should be sprinkled on it at the rate 
of one-third to three-fourths of an ounce of salt per pound of butter. 
Only clean dairy or butter salt free from lumps should be used. This 
dissolves readily and does not impart a bitter taste to the butter. 


In Working Butter, it Should be Pressed with a Firm Stroke of the Lever. Avoid 
Sliding the Lever which Smears the Butter. 
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Ordinary table salt should not be used for salting butter, as it 
sometimes contains an insoluble substance which appears in the butter 
as “‘grittiness’’. Furthermore table salt is hard to dissolve because 
the grains of salt are hard and dry. A little cold water splashed over 
the butter after it has been salted and before working will hasten the 
dissolving of the salt. 

Butter is worked to bring the granules together into one firm body, 
to remove the excess moisture, and to distribute the brine and salt 
evenly. Butter is never worked to get the buttermilk out, for by 
proper churning and washing this has already been eliminated. With 
the sharp edge of the lever turned downward press the butter with a 
firm stroke. Raise the lever, move it over one or two inches and 
press another section of the butter. As soon as all the butter has been 
worked over once, gather the butter together into another ball and 
press out as before. Avoid sliding the lever or smearing the butter 
during working as this will cause the butter to become greasy and 
salvy. When the butter is free from holes, firm, and no gritty salt 
can be found by rubbing a small peice between the fingers, it has been 
worked sufficiently. 

More than 75 per cent of the farm butter can be criticised for 
being mottled. These mottles are the result of the presence of but- 
termilk and the uneven distribution of the salt. These faults can be 
avoided by proper and thorough removal of the buttermilk and by 
sufficient working. In case they occur, however, they can be elimin- 
ated by allowing the butter to set two hours after working and then 
reworking before printing and packing. 


Printing and Packing 


In order to market butter to the best advantage it should be put 
up in one pound prints, preferably of the rectangular type rather than 
in the round prints. The public has come to associate the round print 
with a poor quality butter and will not pay as much for it as for butter 
in the brick shaped molds. Furthermore, it is harder to wrap and 
package round prints than it is the rectangular ones. 

The finished package of butter should be neat, clean, and fur- 
nish an attractive appearance. Butter wrapped in an oil paper does 
not present a very pleasing appearance after it has been handled a 
few times as is necessary when the package is shipped through the 
mails. The same is true of butter wrapped in a cloth. 

Parchment paper, eight by eleven inches, furnishes the best wrap- 
ping for butter. This paper may be secured from any dairy supply 
house either plain or with the maker’s particular trade mark printed 


The Rectangular Mold Makes a Neat Package 


Which Helps te Increase Sales. 
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on it. The cost will be less than $2.00 per 1000 sheets. Waxed car- 
tons made expressly for the rectangular one pound prints can be ob- 
tained also from the same dairy supply house. The cost for the first 
1000 will probably be about $7.00. The maker's trade name can 
be printed on the cartons the same as on the parchment papers. By 
the use of these papers and cartons the total cost of packing one pound 
of butter is less than one cent. When butter is packed in this manner 
the consumer will gladly pay several cents more per pound for it, 
because he instinctively knows that the maker took just pride in its 
manufacture and in seeing that the butter reached him in a standard 
attractive package which protected it from dust and dirt. 

The parchment papers may be either wet or dry when wrapping 
the butter. To secure the neatest package, however, the paper should 
be dry. With the butter heaped up on the worker, press the printer 
down upon the roll firmly until the printer is well filled. Cut off the 
excess butter with the sharp edge of the paddle. Grasp the filled 
printer with both hands, hold it directly over the center of the parch- 
ment and press out the butter. Weigh this print to make sure it 
weighs a full pound. It may be necessary to make some adjustments 
in the printer to insure delivery of a full pound. Pull up one end of 
the paper and smooth it out upon one side of the print. Press the 
edges down the sides, then roll the print over one turn and press the 
edges down as before. Continue this until it comes to finishing the 
wrapping when the ends should be tucked under instead of being 
pressed down the sides. When the package is viewed from the end, 
all the corners of the paper should meet directly in the center and 
form a neat package. The wrapped print should be placed immedi- 
ately in the carton and set in a cool place until disposed of. 

When butter is to be salted down for winter use, two wrappers 
should be used instead of one. The butter should be packed in car- 
tons as usual and placed in a saturated brine solution contained in a 
stone jar. Place a brick on top to hold the packages down and cover 
the jar to prevent evaporation. Butter thus put down will keep in 
good condition for several months. 


Washing the Equipment 
Rinse all the utensils first in lukewarm or cold water to remove 
the cream, buttermilk, and particles of butter, and then wash them in 
warm water containing a good washing powder. Use a stiff fibre 
scrubbing brush and scrub every inch of surface thoroughly, noticing 
particularly that no butter or buttermilk remains. Do not use a cloth 
about the churn or any of the churning equipment. Since a cloth 
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does not dry out readily, foul odors will develop. These odors will 
remain on the churn and wooden equipment if a cloth is used. The 
fibre brush has the advantage that it dries quickly and is open so that 
the air can get to every part. Soap should not be used to wash dairy 
utensils where the highest quality product is to be made as it leaves 
a film of soap and grease on the surface. Washing powder, which is 
largely soda, dissolves all the grease and is easily rinsed off. 

When the utensils have been washed thoroughly, rinse them off 
in hot water and set them aside to dry. Never wipe them dry with 
a cloth, but keep the cloth away from the equipment entirely and let 
the utensils drain and dry of their own accord. If the rinse water was 
hot enough and applied the proper length of time the heat will be 
sufficient to dry them. To keep the utensils sweet and clean, expos- 
ing them to the direct rays of the sun for an hour or two is indespen- 
sible. If they are not to be used for some time, they should be placea 
after drying in an airy place free from dust. Above all else keep the 
utensils sweet, clean, and free from foul odors. 


How to Overcome Difficult Churning 


At some seasons of the year churning is accomplished with great 
difficulty. Even after hours of churning no butter appears. Instead 
of continuing to churn, the factors responsible for the difficulty should 
be studied and remedied. The following are generally responsible 
for the difficulty: 

1.—The churning temperature is too low. Raise the tempera- 
ture to 60 degrees Fahrenheit in the winter and to 50 to 54 degrees 
Fahrenheit in the summer. 

2.—The churn is too full for proper concussion. The churn 
should never be more than one-half full. Slightly more than one- 
third full is the proper amount. 

3.—The cream is either too thin or too rich. A 30 per cent 
cream is a desirable richness for churning. ' 

4.—The cream is too viscous. Ripen the cream until it is thick. 
Ripened cream is thick but brittle and does not cling to the churn as 
rich sweet cream does. 

5.—The cream is in a ropy condition which prevents it from 
being agitated. This is a bacteriological problem and may be solved 
through proper sterilization of all utensils, and by keeping the 
cows away from marshes and stagnant pools, or by draining the pools, 
as this particular organism thrives in such places. 

6.—The cows are in an advanced state of lactation. About the 
only remedy is to add some cream before ripening from a cow re- 
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cently fresh. Churn at a higher temperature. 

7.—The fats are too hard. Some feeds, such as cottonseed 
meal, produce a larger proportion of hard fats. If this is fed to cows 
during advanced lactation the difficulty of churning is multiplied. Not 
only are the fat globules small, but hard as well. Linseed meal, silage, 
and succulent feeds counteract this difficulty. It will be necessary 


to use a higher churning temperature when cows are fed on feeds 
which produce hard fats. 


Scoring Butter 


Butter is scored on five main divisions; namely, flavor, body, 
color, salt, and package. Flavor, of course, is the most important, and 
of 100 points on the score card, 45 points are allowed for this particu- 
lar thing. Body is given 25 points, color 15 points, salt 10 points, and 
package 15 points. There is no butter made which scores perfect 
for then our ideal of perfection will have been reached. Most but- 
ter on the market to-day scores betwen 83 and 93. A score of 90 or 
above is very good. Butter scoring below 90 can easily be improved 
in quality by checking the defects and changing the methods of manu- 
facture. 

Butter usually scores between 30 and 40 points, out of a possible 
45, on flavor. Scoring butter for flavor involves taking a piece of 
butter into the mouth, melting it against the palate, and noting the 


i West Virginia University, by 
kages of Butter Sent to Dairy Department, 
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flavor and aroma. The flavor should be sweet, clean, and havesa 
pleasant aroma. Body scores between 23 and 25 out of a possible 
25 and should be firm and waxy to score perfect. A piece of good 
butter broken across appears jagged and rough as broken iron. It 
never strings out. 


Salt, package, color, and body are determined through the 
senses of sight and feeling. Color scores from 13 to 15 out of a, PaQs- 
sible 15. No cuts in score are made as a rule when the butter is even 
in color Mottled and wavy butter are seriously discriminated against. 
Butter usually scores perfect in salt unless the salt is in an undissolved 
form, in which case one or two points are taken off. The package, 
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if neat and clean, is usually scored perfect. 
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BUTTER SCORE CARD 


Flavor ...45 Clean, sweet, flavor; pleasing aroma. free . 


from any objectional taste or smell. (Forty 
points under this head is a very high score. 
Much of the best grade of creamery butter 
will not score over 37 to 38 points.) 


Grain firm, waxy, smooth. (Butter may be 
cut several points on flavor yet score per- 
fect on body. Butter showing poor body 
is cut from 2 to 5 points. Slight defects 
are cut | to 3 points.) 


Even, free from mottles or streaks. (De- 
gree of color to meet market demands, bad 
defects in color often cut 1.5 to 2 points.) 


Well dissolved. (Amount of salt somewhat 
governed by market demands. A cut of .5 
to | point may be made if butter is very 
gritty or has excessive amount of salt.) 


Package... 5 Neat, clean, and well put up. 


Total. 100 
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The Mountain State Brand for Butter 


~~ The Mountain State Brand was established to improve the gen- 
eral quality of farm butter through repeated scorings and to insure 
consumers against inferior quality product. Those who have taken 
advantage of the use of this brand have succeeded in securing from 
ten to fifteen cents more per pound for their butter than they were 
receiving for ordinary farm butter. 

_ Farm butter makers in West Virginia can market their butter 
under this brand by applying to the Agricultural Extension Division, 
and meeting the following requirements: 

1.—Each person is required to send, so as to reach the Extension 
Division of West Virginia University by the fifteenth of each month, 
a one-fourth pound sample of average butter from every churning until 
such time as their butter reaches the score of 90 points, and once 
per month thereafter. 

2.—The samples will be scored by the Dairy Department of 
West Virginia University and a report made, together with instruct- 
ions as how the product can be improved. 

3.—With each sample sent in, a report on how the butter was 
made is required on an entry blank furnished for this purpose by the 
Extension Division of the College of Agriculture at Morgantown. 
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Specialist Scoring Butter in the Laboratory. 
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4.—When the butter of any member reaches the score of 90 
points or above, his or her name will be placed on the butter honor 
roll. 

5.—Members of the honor roll will be entitled to receive the 
special one-pound ‘“‘Mountain State Brand’’ cartons similar to those 
shown in the picture on the front cut. These cartons will be furnished 
at cost (about 11% cents each) and will bear a printed statement as 
to the high quality of the butter. The purchaser of this ‘‘Mountain 
State Brand”’ will thus be assured of obtaining a high class product. 

6.—If in any month the member’s score does not reach 90 points, 
another sample will be required at once and if it does not come up to 
the standard the member will be prohibited from using the “‘Moun- 
tain State Brand” cartons until his product again reaches the required 
score. 

7.—Each member will be assigned a certain number and this 
number will be stamped on all the cartons supplied her. In this way 
any poor butter sold in such cartons may be easily traced back to its 
maker; and anyone found using the ‘Mountain State Brand” cartons 
when not entitled to do so, will be prohibited thenceforth from the 
use of them entirely. 

Mountain State Brand Butter is butter of a standard quality and 
is becoming well known on the markets in West Virginia. The fact 
that quality in butter counts is shown by the ready sale of Mountain 
State Brand Butter in different parts of the state at prices ranging from 
10 to 20 cents higher than the average price of farm butter. 

It will pay any farm butter maker who does not have a satisfact- 
ory market to investigate this plan. 
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SUMMARY 


1.—On most West Virginia farms one of the chief sources 
of cash income is derived directly from the pasture. 


2.—Pastures throughout the state are generally in a 
very low state of productivity. 


3.—Pastures in West Virginia may be classed roughly 
into three groups: (1) Those pastures that may be 
plowed and reseeded; (2) those that are too steep to 
make plowing practicable but are capable of prod- 
ucing profitable pasture; and (3) those that are too 
steep and rough to make it advisable to attempt to 
improve them. Pastures of this last type should be 
put back into timber. 


4.—The chief causes of the low carrying capacity of 
our pastures are: exhausted fertility; overgrazing, es- 
pecially early in the season; and allowing weeds and 
briers to grow unmolested. 


5.—Plowing, liming, fertilizing, and reseeding are recom- 
mended except where land is too steep to make this 
practicable. Lime and fertilizer may be applied as 
a top dressing where the land is too steep to plow. 
Such practice is most profitable when accompanied 
with a light harrowing or disking. 


6.—Pastures should periodically be given lime and ferti- 
lizer treatments. 


7.—A preliminary trial on a small typical area may be 
advisable in order to determine whether a certain 
treatment will yield satisfactory returns on any par- 
ticular farm. 


8.—Where pasture is to be provided as part of a regu- 
lar crop rotation the seed mixtures used will depend 
upon the location, type of soil, and kind of rotation 


followed. 


9.—Oats and peas make one of the best combinations 
for providing a temporary early spring pasture. 


10.—Sweet clover provides excellent temporary pasture un- 
der many conditions in the state. 


PASTURE IMPROVEMENT 


On most of West Virginia farms one of the largest items in the 
cash income of the farmer is from the sale of livestock. Probably 95 
per cent of this livestock is sold directly from pasture rather than from 
the feed lot. Pasture, therefore, is a very important item in determin- 
ing the amount of the farmer’s cash income. 

More than one half of the improved land included in the farms 
of the state is devoted to pasture and, due to topography, cannot 
be brought into general crop production. Consequently, the future 
of most of West Virginia farms is to be determined to a very large 
extent by the future of their pastures. 

For many years there has been a gradual falling off in the prod- 
uctiveness of pastures. New pasture land will generally produce 
sufficient grass to carry one 1000-pound animal for each 2!14 to 314 
acres. A pasture that will do this is commonly spoken of as a ‘good 
pasture.” The tendency toward lower production has continued 
until today an average of four or more acres are required to graze 
a 1000-pound animal for the season. 

During this same time there has been a steady rise in the cost 
of maintaining pastures. The cost of fence and of keeping the pas- 
ture clean are higher than at any previous time. These two opposite 
tendencies—lower production and higher cost—have brought about 
a condition in which the average pasture produces almost no net profit. 

Since any great reduction in the costs is impossible the average 
livestock farmer of West Virginia is face to face with the proposition 
of improving his pasture or going out of business. 

Fortunately, pasture experiments at the West Virginia Agricul- 
tural Experiment Station and pasture demonstrations on farms in 
many sections of the state, give conclusive proof that many now un- 
profitable pastures can be brought into the profitable group again. 
This can be done with a smaller amount of capital than is usually sup- 
posed. 

All permanent pastures may be roughly divided into three groups. 
The first group includes those pastures sufficiently level to permit re- 
establishing by plowing. The second group includes those too steep 
to re-establish by plowing, but not too steep to get over with liming 
machinery and a harrow. The third group includes those unproduct- 
ive lands suitable primarily for timber production. The best and most 
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profitable crop that ever came off this land was the timber and the 
sooner it goes back to timber the better it will be. 


CAUSES OF POOR PASTURES 


Three things are largely responsible for our present poor pas- 
tures. These are unproductive soil, overgrazing early in the season, 
and weeds and briers. These will be considered separately. 


Exhausted Farm Land 


Many of the old pastures in the state are farm lands that were 
once cropped but were abandoned for that purpose when it was 
found unprofitable to use them for cultivated crops. They were then 
fenced off for pasture with no further provision for the maintenance 
of their productivity. No satisfactory pasture can be established 
on such land until its productivity has again been built up. The pas- 
ture must be considered as a field producing an annual crop just as 
much as a field in a cultivated crop and its maintenance must be pro- 
vided for accordingly. Experiments conducted by a number of ex- 
periment stations have shown that an acre in good pasture will yield 


as great or even a greater profit than an acre in many other crops on 
the farm and with much less outlay in time and money. 


A typical sample of pasture on land that was once cropped but has been abandoned 


because of low productivity. A satisfactory pasture can not be established on exhausted 
farm land until its fertility is restored. 
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Over Grazing 


Many pastures in the state are injured and kept in a low state 
of productivity by over grazing early in the season. Often the live- 
stock is turned onto pasture long before the grass has had an oppor- 
tunity to get started in the spring and then allowed to keep the grass 
so closely grazed all season that it has no opportunity to get estab- 
lished. A pasture can often be greatly improved by keeping the 
livestock out until after corn planting time. By that time the pasture 
usually has a good start. 

The nature of the sod will determine to a large extent how 
heavily a pasture may be grazed without injury. Results obtained in 
experiments made at the Virginia Agricultural Experiment Station,* 
indicate that a good heavy blue grass sod is benefitted by being fairly 
closely grazed throughout the season. On many farms in West Vir- 
ginia, however, there is more danger from over-grazing than from 
under-grazing pastures. Over-grazing during the early spring, espec- 
ially, should be avoided. 

Weeds and Briers 


It is very evident that many pastures in the state could be con- 


Pot. 


A pasture showing a rank growth of filth. Weeds and briers should be kept cut in 
the pasture. 


*Virginia Agricultural Experiment Station, Bul. 204, 1917. 
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siderably improved by cutting the weeds and briers once or twice 
during the season. The most effective time to do this is just after 
the spring and early summer growth has exhausted the reserve food 
stored by the plants during the previous year. This ordinarily means 
about the middle of June in West Virginia. If the pastures are cut 
over at that time and, if time permits, again later in the summer 
when the new growth has come on, the amount of weeds and briers 
will soon be much reduced. 


A method sometimes used effectively in getting rid of filth in 
a pasture is to cut the briers and weeds thoroughly once and then 
graze it closely with cattle or sheep for several years. If the new 
growth can be kept down in this way it will serve the same purpose 
as repeated cuttings. This is also an economical way of clearing land 
that is to be used later for growing crops. 


In clearing land for pasture it is well to remember that no grasses 
or clovers grow well in the shade. The more open the pasture is, 
the better the chances of getting a good sod. A few trees should be 
left, however, to provide shade for the livestock. 


PLOWING AND RESEEDING OLD PASTURES 


Where the land is not too steep and it is otherwise practicable 


A bluegrass pasture with limestone outcrop. A few trees should be left for shade as 
shown in this pasture scene. 
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to plow and reseed an old run down pasture, this is by all means the 
best method of rejuvenating it. By plowing the land and cropping 
it for a year or two an opportunity is afforded to eradicate many 
weeds that are usually found in such pastures. Liberal quantities of 
manure, if available, or a green manure crop and also lime and fertiliz- 
er should be incorporated in order to build up the fertility of such land 
before reseeding it for pasture. 


Time to Plow 


Probably the best time for plowing up old pastures will be late 
in the fall or early in the spring. Such land can usually be plowed 
when other fields are too wet to work. Late spring plowing is apt to 
leave the ground too loose to make a good seed bed for grass the first 
year. 

Lime and Fertilizers 

Lime and phosphate are essential in any soil improvement pro- 
gram in West Virginia. These may be applied either in the fall 
before the land is plowed or in the spring before the crops are plan- 
ted. As an average application about two tons of crushed limestone 
or its equivalent in other forms of lime and three hundred pounds of 
acid phosphate per acre are suggested. If nitrate or a complete fertil- 
izer carrying considerable soluble nitrogen is used, the application 
should be made in the spring when the land is seeded. 


Reseeding 

If it is desired to reestablish the pasture as quickly as possible 
grass may be seeded in the spring following plowing. As a nurse crop 
oats is suggested. The seeding should be made as early in the spring 
as possible. In order to give the grass a better opportunity the oats 
should be cut early and used for hay. It is a good practice, where 
possible, to crop the land for several years before reseeding, as this 
gives a better opportunity to build up the productivity of the land 
to a point where a good stand of grass may be obtained. 


Grass Seed Mixtures 


The kinds of grasses to be used in reseeding, or establishing 
pastures for the first time, varies with the type of soil. For example, 
on good clay soils bluegrass does exceptionally well, while on light 
sandy soils red top is much more dependable. A mixture of several 
kinds of grasses and legumes, however, usually gives better results 
than a seeding of any one alone. 

This should not be interpreted to mean the more species of 
grasses the better, for usually only a limited number will survive in 
a certain soil type. It has been found that it is usually a better prac- 
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tice to determine what kinds of grasses are the most likely to survive 
and then to sow more of these per acre rather than a complex mixture 
of many kinds of seeds. A study of the grasses in old, well estab- 
lished pastures in the vicinity will usually prove a good guide as to 
what kinds will probably survive the best. 

On productive land, or land that can be built into a good state 
of productivity, Kentucky bluegrass and white clover should be the 
chief ingredients of any mixture. These plants require about the 
same amount of liming as does red clover. Kentucky bluegrass and 
white clover make an ideal pasture and where these can be sucess- 
fully grown there is not much need of others. Two or three years 
are usually required for a bluegrass pasture to get well established. 
Ordinarily therefore, some more rapidly growing grasses are seeded 
in the mixture to produce either hay or pasture while the bluegrass 
and white clover are becoming established. 

Much of the hilly land in West Virginia is too poor to sup- 
port a good bluegrass sod. On such soils Canada bluegrass and red- 
top will probably do better. As in the case with the more product- 
ive soils it is advisable to use more rapid growing grasses and clovers 
in the mixture in order to produce hay or pasture while the slow 
growing grasses are getting established. 

It is desirable to add orchard grass to almost any pasture mix- 
ture on account of its early spring and late fall growth. This grass 
will also thrive on much poorer and more acid soils than will tim- 
othy or Kentucky bluegrass. 

In making up the suggested grass seed mixtures two soil types 
have been taken into consideration. One set of mixtures will be 
found best suited for a fairly productive soil or one that can be made 
so by the application of lime and fertilizers. The other set of seed 
mixtures is best suited to an acid soil low in fertility such as is often 
met with in the state. For each of these conditions two mixtures are 
suggested—one where the crop is to be used for hay for a year before 
the land is left for pasture and the other mixture is suitable where the 
pasture is to be established as quickly as possible without using it 
for hay for one or more years. The seed mixtures given herein are 
suggested for the foregoing conditions. The number of pounds of each 
recommended is enough to make up the seed needed for one acre. 


1. For productive soils with a hay crop preceeding pasture. 


Timothy* ¢.5 she rt She eee 6 pounds 
Red. clover’ oo sktanc tt as eee 6 pounds 
Kentuchyseblue crass asa 4 pounds 
Orchard’ grass). 2 oe ee 2 pounds 
White: Clover47) 3.5. See ee 2 pounds 


20 pounds 
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2. For productive soils with no hay crop preceeding pasture. 


Kentucky bluegrass .................. 10 pounds 
Ramet yee eee ee 4 pounds 
Wrchard@grass ue veetn i Lae es ee 2 pounds 
erInikesclover =) ot 26S a, hod whe. 2 pounds 
NT CSS a ne te a 2 pounds 

20 pounds 

3. For poor soils with a hay crop preceeding pasture. 

Orchardiipracsateyeye aaron ee hs 8 pounds 
HhallBoattorass easy tote ee ed 8 pounds 
Alsikemeclovers Seat cio 8 Site e pet 4 pounds 
Cangtlaablucgrasas ce ec te 4 pounds 
Redtop ere er ee a oe ake ee ere 2 pounds 
Wihiteiscloverj- =: ue eras Olen es eatshen ie. 2 pounds 

28 pounds 

4. For poor soils with no hay crop preceeding pasture. 

Ganndampluecrasseee te eos ee 10 pounds 
Wallmontecrasse fare mp Pes ne Ue ee 6 pounds 
Orchardscrassiee ie Seer er eR 2 6 pounds 
IRCCLOD Mmnr isa Fits i cet Ua ae ie terns oo 2 pounds 
Prisiker clover®, 6. fa jcutt- eo Eris etna 2 pounds 
Wihttemnclov.er jaar were ec neh as oe ee 2 pounds 

28 pounds 


In the last two mixtures suggested tall oat grass is substituted 
for timothy, and Canada bluegrass for Kentucky bluegrass. Where 
lime and fertilizer are applied, the land, although poor to begin with, 
may often be built up to a state where the first two mixtures may be 
used. Kentucky bluegrass makes a more satisfactory pasture grass 
than Canada bluegrass and should be used wherever possible. 

For unproductive wet land the last two mixtures may be used, 
but the tall oat grass which is not adapted to wet soils should be 


omitted. 
Treatment After a Pasture Has Been Established 

After a permanent pasture has been established it should be 
considered as a field producing a crop just like any field that is in 
a cultivated crop. Recent experiments conducted by the Pennsyl- 
vania Agricultural Experiment Station** have shown that an acre in 
good bluegrass pasture may yield greater returns than an acre of 
similar land in a four year rotation of corn, oats, wheat, and hay. In 
order to keep up the productivity of the pasture an application of 
about a ton of pulverised limestone or its equivalent should be ap- 

*On limed soil 4 pounds white sweet clover may be used instead of the Alsike. 


i i in these mixtures. 
n clover may be substituted for part of the white clover in 
Denes aaa Agricultural Experiment Station, Bul. 195, 1925. 
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plied every four to six years and either acid phosphate or a complete 
fertilizer applied every three or four years. The amounts of fertili- 
zer to apply and the frequency will depend upon the productivity 
of the soil. 
IMPROVING PASTURES WITHOUT PLOWING 

Many pastures in the state are too steep or rough to make plow- 
ing practicable. Of these some are too poor to make them worth 
attempting to improve. Other pastures which are too steep for plow- 
ing may profitably be improved by treatment. Experiments at the 
West Virginia Station and demonstrations previously referred to, indi- 
cate that generally the best treatment consists of harrowing, together 
with the application of lime and fertilizers. 


— 


Many West Virginia pastures are too steep to plow. 


Liming 

Nearly all soils in the state would be benefitted by an appli- 
cation of lime. The kind of lime appears to make little difference. 
One ton of pulverized limestone, 1480 pounds of hydrate lime, or 
1120 pounds of burnt lime have about equal neutralizing power. 
Where the land is very low in fertility the benificial effects of lime will 
not be as marked as on more productive fields. An application of 
phosphate together with the lime will usually produce very striking 
results on a pasture. In experiments conducted by this station on 
typical hillside pastures, the yields of grass have been increased from 
four to six times by the application of two tons of limestone and 300 
pounds of the acid phosphate per acre. When land is top dressed 
in this way with lime the effects will not be evident as quickly as 
when applied to plowed ground. An application of one ton of lime- 
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stone every fourth to sixth year after the initial treatment is recom- 
mended for most pastures of the state. 


Fertilizer Application 

In nearly all cases liming the land should precede fertilizer ap- 
plication or be applied at the same time. Applications of acid phos- 
phate alone have given considerable increases of grass yields on experi- 
ments conducted at this Station but the increases have been much 
greater where both lime and phosphate have been applied. The lime 
is necessary to put the land in such a state that the phosphate can 
exert its greatest influence just as phosphate or other fertility treat- 
ments are necessary to bring out the best results from lime application. 

Although phosphate is usually the most essential fertilizer for 
land in West Virginia, experiments on meadows and pastures have 
indicated that on many soils a complete fertilizer will yield even 
greater returns per dollar expended. A complete fertilizer with a 
relatively high percentage of nitrate usually will produce a greater 
yield of hay or pasture. For such purpose a 6-8-4 fertilizer is recom- 
mended. 

Fertilizers containing nitrogen should be applied in the spring. 
Acid phosphate may be applied in the spring or fall. Phosphate does 
not leach out of the soil as does nitrate. 

Manuring 

The application of farm manure together with lime and phos- 
phate has yielded the greatest returns in grass in the pasture experi- 
ments at this Station. Applying manure as a top dressing to a pas- 
ture is a very effective way of improving it, wherever this can be done. 

Seed Application 

Scattering seed over an old pasture without any other treat- 
ment is in nearly every case a waste of time and effort. In experi- 
ments conducted by the West Virginia Experiment Station no im- 
provement whatever resulted when seed was applied without the 
addition of either lime or fertilizer. Where there is not enough fertil- 
ity in the soil to support a grass crop it is useless to apply seed only. 

Where the lime and fertilizer have been applied as a top dress- 
ing to a pasture, seed mixture number 2 as given on page 9 is 
recommended. The seed should be applied in the spring and bar- 
rowed in. In some pastures where there is already a fairly good stand 
of bluegrass, no seed will be necessary. The fertilizer and lime treat- 
ments will enable the existing sod to thicken up and make an excel- 
lent pasture. 

Disking and Harrowing 


Where possible the land should be disked lightly after it has 
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been treated with lime and fertilizers and reseeded. The disking 
will help to incorporate the lime and fertilizer with the soil and cover 
some of the seed. The disking should not be heavy enough to tear 
up the sod and cause washing of the soil. Although disking or har- 
rowing is recommended, the other treatments should not be witheld 
because it is not practicable to disk the ground. Excellent results 
have been obtained with many pastures where no cultural treatment 
followed the lime and fertilizer treatments. 
Pasture Demonstrations 

Where one is in doubt as to the advisability of going to the ex- 
pense in time and money of undertaking to improve a pasture by 
the application of lime and fertilizers it may be advisable to make 
By making 
such a preliminary test one can usually determine whether it will be 
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a preliminary trial of a small typical area of the pasture. 


profitable to undertake similar treatments for the entire pasture. 
following plan for such a demonstration is suggested: 


Acid phosphate and 
seed 


(Plot 1) 


Seed only 
(Plot 4) 


Complete fertilizer and 
seed 


(Plot 7) 


Acid phosphate lime and 
seed 


(Plot 2) 


Lime and seed 


(Plot 5) 


Lime, complete fertilizer, 
and seed 


(Plot 8) 


Lime and acid phos- 
phate 
(Plot 3) 


Lime only 


(Plot 6) 


Lime and complete fer- 
tilizer 


(Plot 9) 


Each plot according to the foregoing plan or diagram should be 
25 feet wide and 50 feet long, thus making the total area required 
for the nine plots 75 feet by 150 feet. 
To apply the treatments, drill the acid-phosphate at the rate of 
300 pounds per acre over the upper strip consisting of plots numbered 


ll, 4 aiadl 3. 


out fertilizer treatment. 


upper strip. 


Leave the next 25 foot strip (plots 4, 5, and 6) with- 


On the lower strip (plots 7, 8, and 9) drill 


the complete fertilizer at the same rate as the acid phosphate on the 


About 25 pounds each of phosphate and complete 


fertilizer will be required for this demonstration. 
The lime should next be drilled at the rate of two tons of lime- 


stone per acre over the area of plots 2, 3 5, 6, 8, and 9. 
mately 750 pounds of limestone will be required. 


Approxi- 
If there is no drill 


available, the lime and fertilizer may be applied by hand. 
Next seed the area consisting of plots 1, 2, 4, 5, 7, and 8 with 


We) 


4 pounds of one of the seed mixtures recommended for seeding a 
pasture that has not been plowed. 

After the lime, phosphate, and seed treatments have been ap- 
plied the whole area should be disked or harrowed lightly if the land 
is not too steep or rough to permit this. 

The plots should be set off with substantial stakes that will 
remain in place for several years. These plots will enable one to note 
the effect of these treatments either alone or in combination. This 


plan can be modified in any way to meet the individual require- 
ments. 


TEMPORARY PASTURES 

On many farms in the state it is necessary to provide a certain 
amount of pasturage in addition to that provided by the permanent 
pastures. In some cases this may be provided by planning for a 
certain amount of pasture in the regular rotation of crops while with 
others the problem is to furnish supplemental pasture during the 
“short pasture’’ season of midsummer. In other cases the problem 
is to provide for a temporary early spring pasture that can be used 
until the grass can get a start in the permanent pasture. 


Pastures in the Crop Rotation 

On many farms it is advisable, if not necessary, to devote one 
or more years of the crop rotation to pasture. This is a very common 
practice in the Eastern Panhandle, especially in Berkeley and Jeffer- 
son counties, and in the Northern Panhandle. Where this practice 
is to be followed the rotation and crops should be chosen accordingly. 
The following are some of the suggested rotations in which pasture 
is provided: 

Five Year Rotation 
First year.—Corn, seeded at last cultivation with one bushel 
of rye and twenty pounds of vetch per acre for 
early spring pasture the next year. 

Second year.—Soybeans, for hay or seed. 

Third year.—Wheat, seeded to clover-grass mixture. 

Fourth year.—Clover-hay; the second crop may be pastured. 

Fifth year.—Clover and grass, for pasture. 

Manure should be applied on pasture for the next corn crop. 

The following meadow mixture for a field later to be pastured 
one year is suggested: 5 pounds red clover, 3 pounds alsike clover, 
8 pounds timothy, and 4 pounds red top per acre. 

Four Year Rotation: 
First year.—Corn. 
Second year.— Wheat or oats, seeded to clover-grass mixture. 


Third year.—Hay. 

Fourth year.—Pasture. 

With this rotation the same mixture of grass and clover may 
be used as suggested for the five year rotation. 
Three Year Rotation: 

First year.—Corn. 

Second year.— Wheat or oats, seeded to clover-grass mixture. 

Third year.—Pasture. 
In this three year rotation of corn, small grain, and pasture, the seed- 
ing of pasture grasses and clover may be made in the grain as is 
usual with meadow seedings. A suggested mixture consists of the 


following: 
White sweet clover....... 6 pounds per acre 
Rediclover >) ae 4 pounds per acre 
Alsike:clover 2 :. .:,.2.2. 2 pounds per acre 
Dimothye0e os oe ee ee 5 pounds per acre 
Redtop® soe. ao tet eae 3 pounds per acre 
Total... =a 20 pounds per acre 


Where the pasture is for dairy cattle and the land is known to be 
adapted to sweet clover, more of this may be used and the other 
clovers and grasses decreased. 
Modified Rotation 

Frequently it is advisable to hold a rotation pasture two or 
more years. This may be done in any of the foregoing cases by ad- 
ding six pounds of Kentucky bluegrass and two pounds of white clo- 
ver to the seed mixture mentioned. In rotation pastures four impor- 
tant items should be kept in mind. 

First—Consider the pasture crop as removed the same as other 
crops in other years. 

Second—Provide additional fertilizer and manure for this pas- 
ture crop. 

Third—Provide one or more legumes in this pasture. 

Fourth—Seeds of grasses and clovers suited to pasturing must 
be included in the seed mixture and heavier seedings made. 


Early Spring Pastures 

When the feed supply runs low in the spring of the year cattle 
are likely to be turned on pasture even though the pasture is in no 
condition to receive them. This is done repeatedly by some of the 
best dairy and livestock men in the state. It is poor business, but 
it is also frequently poor business to buy feed. At any rate the cattle are 
turned out to pasture much too early in the spring. As a result of 
the grass being eaten off as fast as it grows, the yield of pasture for 
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the entire year is reduced. The land, pasture, and cattle all suffer. 

One solution to this problem rests in our ability to have some 
special early pasture on which to turn livestock. Since early spring 
milk production is very important to the dairyman this is probably 
a more vital need with him than with the livestock man. 

For such early spring pasture, three pasture plants are well 
adapted to West Virginia conditions. These are sweet clover, rye, and 
vetch. They may be grown in combination or separately. In com- 
bination they should be seeded in August at the rate of ten pounds 
of white sweet clover, twenty pounds of winter vetch, and one bushel 
of rye per acre. Both legumes should be inoculated. Since the 
rye and vetch come on more rapidly than the sweet clover, the latter 
is likely to be damaged by crowding and pasturing. This combina- 
tion is not to be recommended except where a limited amount of pas- 
ture is desired during the fall, early spring, and through the summer. 
In such cases the combination is very desirable, the rye and vetch 
providing fall and spring pasture and the sweet clover summer and fall 
pasture. 


A good way to clear land and to keep weeds and briers down in a pasture. 

The success of this combination is further dependent upon an 
abundance of lime to meet the requirements of the sweet clover. 

When seeded for fall and spring pasture only, the rye and vetch 
may be seeded in combination at the rate of 25 pounds of vetch and 
five pecks of rye per acre in the last cultivation of the corn. This 
mixture may also be seeded after the corn has been cut or in August 
and September on especially prepared land. 

The sweet clover for the same purposes may be seeded in 
March or April in oats or other grain and harrowed in or may be 
seeded in August on a specially prepared seed bed. 
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It is not ordinarily advisable to seed rye alone. Rye is a rather 
sure crop but is not a legume and depletes rather than improves a soil. 
At the same time it furnishes a poor quality of pasture. 

Vetch contains a higher percentage of protein than any of our 
other common legumes. Sweet clover compares favorably with red 
clover and alfalfa. Dairy cows may be expected to show increase 
in production of milk when turned from ordinary pasture into either of 
these. Cattle at first may show a dislike for sweet clover but if turned 
on when the plants are young they soon acquire a taste for it and 
further difficulties will not be met. 

Sheep, hogs, and horses also do well on these pastures. 

Summer Pastures 

Among the crops available for summer pasture, especially on 
dairy farms, sweet clover probably takes first rank. Since this crop 
has been treated more or less fully under spring pastures it is only 
mentioned here so that it will not be overlooked. 

Occasionally a situation develops where it becomes necessary for 
the farmer to provide additional pasture for mid-summer when the 
grass gets short. In such an event small grain crops, Sudan grass, 
field peas, rape, millet, soybeans, sweet clover, and sorghum have 
frequently been used. Of these sorghum is the least desirable and 
should not be used. Millet is only a little better. Rape is very good, 
but its uses are rather limited. Soybeans are not well adapted to 
pasturing. Canadian field peas can be grown to advantage only in 
combination. The other crops mentioned may be grown either alone 
or in combination. The grains are always available, are cheap, and 
come on quickly. 

Sudan grass produces a heavy growth in mid-season just when 
badly needed. Sweet clover produces well from mid-summer to fall. 
Therefore, under conditions of such shortage of pasture, if a quick and 
continued pasture be desired, a combination is most desirable and the 
following procedure is recommended: At the earliest possible date in 
the spring prepare a good seed bed and after an application of lime to 
meet the lime requirement drill one bushel of Canadian field peas per 
acre about three inches deep. Follow this with a seeding of six pecks 
of oats per acre about one to one and a half inches deep. With the 
oats seeding apply 300 pounds of acid phosphate, seven pounds of 
Sudan grass, and eight pounds of white sweet clover per acre. The 
peas and clover seed should of course be inoculated. 

This combination will provide an abundance of rich protein 
pasture from June until late fall. The peas and oats will come on 
quickly for the first part of the season and the Sudan grass and white 
sweet clover later and will last until fall. The sweet clover will hold 
over for further pasture the following season. 
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SUMMARY 


|.—There are conditions in West Virginia favoring increased sheep produc- 
tion. 
2.—It is wise for the beginner to start with a relatively small flock of care- 


fully selected ewes and learn the business as the flock is increased. 


3.—The ram is half the flock and must be a good purebred for successful 


production. 


4.—Ewes should be treated for parasites, flushed, and tagged prior to the 
breeding season, and the ram should be fed and cared for so as to be in a vigorous 
condition. 


5.—Community “Ram Days’ make for a more uniform lamb crop and 
promote cooperative marketing. After six weeks the rams should be removed 
from the ewes. 


6.—Bred ewes should be well nourished with a good quality legume rough- 
age and silage, if available, supplemented for about six weeks before lambing 
time with a suitable grain ration; they should have plenty of exercise in the 
open, but should be protected by shelter from cold rains and storms. 

7.—The shepherd should be ready for the arrival of the first lamb. In- 
dividual pens for the ewes for the first day or so after the lambs arrive are a 
valuable asset. Each ewe should be carefully watched for the first week after 
lambing and attention given promptly, if needed. Most of the ailments of young 
lambs may be relieved by simple remedies if given in time. 

8.—All lambs should be docked and male lambs that are intended for market 
castrated when 7 to 14 days old. These operations need not cause any difficulty 
if properly done, may easily be performed by the flock owner, and pay substan- 
tial dividends. 

9.—Growing lambs need an abundance of good feed to produce rapid un- 
checked growth until ready for market. A little grain may often be fed profitably. 


10.—The flock owner can increase the value of his wool crop by careful se- 
lection of breeding stock, proper feeding, and careful handling of his sheep. 


1.—Wool often does not bring full value due to poor shearing and prepara- 
tion of the fleece. The fleece should be kept clean and tied with paper twine. 
Shearing should be done as early in the spring as the weather will permit. 


12.—Cooperative marketing of both wool and lambs insures a fair return 
for the product sold and affords the producer an opportunity to learn market 
demands and the grades that are most profitable to produce. 


13.—It is easy to catch and handle sheep, if proper methods are used. Care- 
less handling cuts down the profits to be derived from the flock. 


14.—The flock should be carefully culled every year. The best time to do 
this is before the lambs are separated from their mothers. 


15.—It is poor practice and unprofitable to keep cull ewe lambs for the 


flock. Only the best lambs should be retained. 


|6.—Parasites are probably the worst enemy of sheep, but may be readily 
controlled by consistent and properly directed effort. 


17.—Sanitation, proper feeding, housing, and care will prevent most of the 
common ailments of sheep. 


‘Ghe Care and *Canagement of Sheep 


STATUS OF THE SHEEP INDUSTRY 


The State Department of Agriculture in an estimate released 
March, 1927, gives the gross income from sheep and wool in West 
Virginia for 1926 as $3,584,000.00. The estimated wool clip was 
2,117,000 pounds, worth $804,000.00. Sales of sheep and lambs 
were estimated at $2,780,000. On January 1, 1927, the estimates 
gave 431,000 breeding ewes and sheep, other than lambs, and 78,000 
lambs, making a total of 509,000 head of sheep on the 85,000 farms 


of the state, with approximately 400,000 breeding ewes. 


Possibilities of Increase 


Conditions at the present time are favorable for an increase in 
sheep production in West Virginia. Advocates of increased produc- 
tion should bear in mind, however, that such increase should be largely 
made by experienced flock owners rather than by attempting to start 
inexperienced men in business. Wool and lambs that are of high 
quality, uniform in merit, standardized as regards production, and that 
are systematically and intelligently marketed, are of greater import- 
ance than increased numbers of sheep or pounds of wool. 


The conditions favoring an increase in sheep production in the 
state are: 


(1) There is a growing demand for uniform, high-quality, 
standardized West Virginia lambs on the Pittsburgh, Baltimore, and 
Jersey City markets. Such lambs have frequently topped these mar- 
kets during the past three or four years. 


(2) West Virginia has an abundance of excellent grazing land 
that is especially suitable for sheep and conducive to the production of 
early spring lambs. This grazing area consists principally of blue- 
grass in the limestone hills and valleys of the Appalachian chain of 
mountains and occupies the larger portion of the entire group of 
eastern and central counties of the state. The northern panhandle of 
the state adjacent to Pennsylvania and Ohio is noted for the produc- 
tion of the Delaine Merino and wool growing. (See picture on page 8). 


Grand Champion Wether at International Live- 
stock Exposition in 1926. Shown by Pennsylvania 


State College. 


(3) Climatic condi- 
tions are such due to the 
latitude and to the moun- 
tainous character of much 
of the state, that a num- 
ber of flocks are either 
never housed or else given 
shelter for but short 
periods during the winter 
months. There is evi- 
dence, however, that in 
most cases, even though 
shelter is not imperative, 
the flocks in the state 


would receive benefit from its more general use. 


Points in Favor of Sheep Raising 


There are numerous advantages to the farmer in favor of raising 
sheep. Sheep fit into the general farm plan in such a way that what 
would otherwise be wasted is converted into salable products. They eat 
with relish many kinds of weeds that other classes of livestock avoid. 
While sheep cannot consume very coarse roughage they do thrive on 


medium pasture and cheap 
roughage, and except for 
lambs in the feed lots of 
the West they are fed very 
little grain. 

Because sheep are 
light in weight and nimble 
of foot they are often per- 
mitted to graze on land or 
crops that other livestock 
would seriously injure. 
Sheep thrive in steep pas- 
tures, meadow aftermath, 
and growing grain crops. 
They seldom injure pas- 
tures or lots by tramping 
and usually benefit weedy 
cattle pastures when lim- 
ited numbers are grazed 
along with the cattle. 


A Good Type Southdown Ram 


Sheep do not re- 
quire as expensive equip- 
ment as certain’ other 
classes of livestock nor as 
great initial investment for 
a foundation flock. They 
give quick returns, for 
within a year after the 
flock has been started 
they yield two money 
crops—lambs and wool. 
Neither of these crops are 
readily perishable, and it 
seldom happens that both 
bring low prices in any 
one year. When both are low wool may be easily stored and it’s sale 


deferred until prices rise. 


A Good Type Shropshire Ram 


Sheep are interesting and attractive to young people, closely ap- 
proximating poultry in this respect. Four-H Club boys and girls are 
doing most excellent work with sheep projects in the state. The sheep 
pay their way and usually yield a profit while the youngsters are learn- 
ing to improve mutton form, breed type, quality, and fleece. Sheep 
are gentle and so easily handled that the boys and girls are able to 
perform practically all of the essential details of care and management. 


When sheep are properly managed they are seldom troubled with 
disease. Tuberculosis is almost unknown, and there is no sickness in 
sheep comparable to hog 
cholera. Parasites, exter- 
nal and internal, will ut- 
terly ruin a flock, but con- 
trol methods are so sim- 
ple, cheap, and effective 
that no flock need suffer 
on this account. 


Problems of Sheep 
Raising 
Sheep raising like 
other phases of farming 
has its peculiar problems A Good Type Hampshire Ram 
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or difficulties. The chief ones in West Virginia are: 


(1) There is a lack of knowledge of sheep, and of the proper 
care and management of a flock essential to success. The labor in- 
volved in sheep production is no great burden at any time, but con- 
stant attention to small details and a knowledge of sheep and their 
needs are vital to successful production. 


(2) Dogs are a constant menace to successful sheep production. 
In certain sections of the state, even a dog law offers but little help to 
the sheepman. Only in those sections where sheep are to be found on 
every or nearly every farm are sheepmen reasonably free from this 
menace. This is usually due to a community-wide interest in sheep; a 
sentiment toward the enforcement of the dog law; cooperation of the 
whole community in tying all dogs from sundown until sunrise; and 
the use of sheep bells, shot guns, and dog proof fences. A united ef- 
fort along these lines will usually succeed in establishing a reasonable 
degree of safety for sheep raising in a community. 


(3) Parasites, external and internal, cause far more loss than 
any other enemy of sheep production. The dog problem is of very 
minor importance by way of comparison. The parasite works night 
and day, three hundred and sixty-five days in the year. Relatively 
few sheep men are aware of the parasites’ work until the damage is 
done. Most flock owners make an attempt once or twice a year to 
rid their flocks of parasites and then relax their effort. Parasites can 
be controlled by selecting strong and vigorous breeding stock; pro- 
viding proper shelter and feed; using dips for external parasites; and 
giving medicinal liquids, such as copper sulphate, for internal parasites. 
If in addition pasture can be used in rotation and the lamb crop mar- 
keted before August, parasites need not be the cause of great loss. 

(4) Poor equipment and management, though easily remedied, 
are responsible for dis- 
couragement and loss in 
sheep raising. Little or 
no shelter is provided the 
flock in winter with very 
little or no feed other than 
pasture, and as a result 
the owner shears a light, 
weak-fibered fleece and 
has emaciated ewes that 
are too thin to properly 


suckle their lambs. With- 


A Good Type Dorset Ram 


out a pen of some kind it 
is very difficult to catch 
sheep, and in case a suit- 
able pen is not provided, 
the docking and castra- 
tion of lambs as a rule are 
not performed, ewes are 
not kept tagged, and treat- 
ment for parasites is not 
attempted. (See picture 
on page 9.) Bad fences 
are responsible for the 
flock trespassing on grow- 
ing crops, or on the neigh- 
bors, and the sheep are often disposed of to avoid these difficulties. 


A Good Type Cheviot Ram 


(5) Market fluctuations in the prices of wool and lambs occur 
from time to time. Whenever a period of depression comes there are 
always a number of flock owners who sell out. These same men buy 
again at about the time sheep and their products have reached the peak 
price. Experience shows that the flock owner who refuses to follow the 
crowd usually has a profit for each year over a period of years, while 
the fellow who is “‘in and out” generally has alternately a profit and 
loss. Strong cooperative organizations are an aid and safeguard in 
securing equitable prices depending, of course, upon the quality of 
production. Such activities as wool pooling and cooperative shipping 
of lambs are enabling producers to minimize price fluctuations. These 
activities serve as a direct means of acquainting the producers with 
the demands of the market. 


ESTABLISHING A FLOCK 
Number of Ewes for the Beginner 


The inexperienced man starting a flock of grade ewes must de- 
cide on the number of ewes for his flock. He should consider the pas- 
ture, shelter, and equipment available, and should not undertake to 
keep more sheep than he can properly provide for. 


If suitable equipment and pasture are available, a flock of from 
fifteen to twenty ewes is a desirable number with which to start. This 
does not require a large investment and fair profit may be expected. 
The investment while not large, is enough to direct the attention and 


Delaine-Merino Ewes. This Breed is Noted for the Production of Fine Wool and is 
Popular in the Northern Panhandle of West Virginia. 


hold the interest of the new flock owner, and the number is large 
enough to permit the acquiring of much experience. 


A flock of from five to ten ewes may be neglected, does not per- 
mit the acquiring of a great deal of experience, or give much profit, 
and the equipment and shelter is likely to be only make-shift. Since a 
ram must be kept, the expense for each ewe is from three to five times 
as great as compared to the ram expense for twenty or more ewes. 


It is unwise, however, for the prospective sheep raiser without ex- 
perience to start with too large a flock. Due to a lack of knowledge 
and experience disastrous losses may be sustained that are easily pre- 
vented after experience has been gained by keeping a relatively small 


flock. 


* 


Selecting Ewes 
AGE OF EWES 


As a rule the age of sheep may be fairly accurately determined 
up to four years old by the teeth. A lamb has eight front teeth in the 
lower jaw. These eight teeth are small and fairly uniform in size. As 
a yearling the middle pair of lamb teeth are shed and are replaced by 
a much larger, broader pair. The two year old has two broad pairs; 


the three year old, three broad pairs; and the four year, four broad 
pairs. 
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In sheep that are five, six, or seven years old, and older, the 
teeth instead of retaining their original broad shape become rounder 
and shorter, with more and more space between them. If any of the 
teeth are missing this condition is spoken of as a ‘‘broken mouth.”’ 

When ewes have badly worn teeth on account of age, or a ‘‘brok- 
en mouth,”’ they are less able to get food and are more likely to show 
decline in thrift and vigor. Such ewes should not be purchased by 
the inexperienced man. Aged ewes can often be purchased at a dis- 
count and when given good care they may prove a profitable invest- 
ment, but as a rule yearling and two year old ewes will give the aver- 
age sheepman better returns. 


WEIGHT OF EWES 


Good thrifty young ewes in breeding condition should weigh 
from 115 to 140 pounds. Ewes much lighter than 115 pounds are 
likely to be undersized, unthrifty, diseased, and lacking in constitution 
and mutton form. There is no objection to heavier ewes provided 
they have good mutton form, and are thrifty and of good quality 
rather than coarse and slow maturing. Care should be exercised in 
purchasing extremely fat ewes. Such ewes are often excessively fat 
because they are barren. It is well to note that large ewes require 


Wire Gates Serve as a Convenient Device for Penning Sheep Closely Thus Making 
it Easy to Catch Them for Shearing, Parasite Treatment, or Other Purposes. 


10 


richer feeding grounds than small ewes. Where grazing lands are ex- 
tremely rough medium-sized ewes are preferable to heavy ones. 


UNIFORMITY OF EWES 


In so far as it is possible, one should select ewes that are alike in 
all respects. The lambs from such ewes and out of a good ram will 
then be more uniform. Where a flock is made up of several colors, 
sizes, and types of ewes the lambs are not as uniform as is desirable. 
The wool from such a flock will fall into many grades rather than the 
few desirable ones. 


DHE -FPEEECE 


Ewes with dense compact fleeces grading one-quarter to three- 
eights blood combing should be selected. To grade one-quarter 
to three-eights blood combing, wool must be fairly dense and at least 
two and one-half inches long. Approximately one-fourth of the in- 
come from the flock is from wool and some attention should be given 
the fleece. The sheepman in making his selection of breeding ewes 
will not always be able to select or reject as he would like, but when 
opportunity offers he will profit by exercising these privileges. 


HEALTH AND THRIFT 


Ewes that are on fair pasture and appear unthrifty should be 


; Ewes That Are Alert, Vigorous, and ina Healthy and Thrifty Condition, are Essen- 
tial to Success. 
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avoided. They are likely diseased or infested with parasites. Only 
alert thrifty ewes should be selected. The best ewes are wide and 
short headed and short and thick of neck. They have wide level 
backs, well sprung ribs and roomy middles, level rumps, and plump 
thighs and legs. Their wool is strong and clean. They have wide full 
breasts and sturdy legs set well apart. 


Healthy ewes are alert. Their heads are up at sight of a stranger 
and they move away with vigor. It is useless to expect profit from 
unhealthy, unthrifty, or emaciated and disease ridden ewes. 


Extremely nervous or wild and foolish ewes should be avoided 
even though they are thrifty and healthy. They keep the flock in a 
nervous state. Such ewes are a constant source of trouble in handling 
and caring for the flock. 


THE UDDER 


The udder of each ewe should be inspected to see that the teats 
are pliable. An experienced sheepman can determine whether a ewe 
has ever had lambs by the udder. Lumps or hard places in udder or 
teats are likely to cause trouble. Scars about the udder indicate trou- 
ble occurring in the past. Ewes with a teat cut off by careless shearing 
or with only one good side to the udder, should be discarded. 


BUYING EWES 


Most sheepmen in West Virginia are able to buy the number of 
sheep they desire within the state. Many times they have opportunity 
to purchase from their neighbors. In such cases there is an advantage 
in having the sheep close at hand and in knowing how the sheep are 
bred, their age, weight, condition, thrift, and other essential factors. 
Practically all of the flocks in the state are of local origin. A few 
sheepmen have purchased western ewes through a central market such 
as Chicago. Such ewes have given equally as good results as native 


ewes. 


In case it is desirable to purchase western ewes, it will be advan- 
tageous for several neighbors to cooperate in purchasing a full car load 
thus effecting economy in freight and commission. Sheep are usually 
loaded in double deck cars ranging from 100 to 120 medium sized 
ewes per deck, or from 200 to 240 ewes per car. 


Selecting the Ram 


If the owner of a grade flock of ewes expects good lambs he 
will have to select a good ram. If he desires better lambs, than last 
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A Good Type of Individual Shipping Crate for Ewes or Rams. Note the Height as 
Compared to Length and the Arrangement on the End for Hay. 


year's crop he must select a better ram than he had last year. Should 
he demand the best lambs, the best ram he can obtain will be neces- 
sary. 


The selection of the ram is of even greater importance than the 
selection of the ewes. The ram is responsible for the entire lamb crop 
of his ewes. A narrow, weak, character-lacking, scrub ram will affect 
the quality of practically every lamb he sires. Results obtained in 
experiments at the agricultural experiment stations in Kentucky and 
Missouri indicate a loss of $3.00 to $3.50 per lamb sired by scrub 


rams as compared to the lambs sired by blocky, vigorous purebred 
rams. 


Money is lost instead of saved when a scrub or low-grade ram is 
bought even though he costs less than a purebred. The ram can be 
an influence for good or bad on all the lambs he sires and that may 
be as many as 75 lambs. Each ewe has an influence on but one or 


two lambs. The offsprings of a purebred ram and grade ewe is 
usually most like the ram. 


The ram should be active, vigorous, and bold. He must be mas- 
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culine and aggressive. His form should approximate the ideal mut- 
ton form as closely as possible. He should have quality along with 
size. He must not be coarse or rough. He should be hearty, with a 


strong constitution, a dense fleece, and the characteristics that belong 
to his breed. 


AGE OF RAM 

In flocks of ten to twelve ewes, bred as late as November or 
December, a lamb dropped in February or March may be used. How- 
ever, the use of the ram lamb is not good practice. An older ram will 
serve a larger number of ewes in a shorter time. This means a lamb 
crop more uniform in age and size. In large flocks the yearling or 
two-year-old ram often serves three to four times as many ewes as the 
lamb should be permitted to serve. 


NUMBER EWES PER RAM 


Flocks up to forty or fifty ewes may be served by one ram if he 
receives the proper attention and care. Where the ram is turned with 
the ewes throughout the breeding season most breeders in West Vir- 
ginia use a ran to each thirty to thirty-five ewes. Too large a number 
of ewes per ram will usually mean a smaller percentage of lambs. 


BUYING RAMS 


If satisfactory rams cannot be obtained locally, the flock owner 
_ may either order by mail from a reputable breeder or he may have 
his county agent place his order for a ram with the Extension Division 
of the College of Agriculture. For the past several years this service 
has been offered to the farmers and nearly a thousand purebred rams 
have been secured from within and without the state for flock owners. 
In any case, it is very unwise to use a grade or scrub ram. 


THE BREEDING SEASON 


Gestation Period 


The exact number of days ewes carry their lambs varies slightly 
with individuals and breeds. As a general rule most ewes drop their 
lambs from 145 to 150 days after breeding. Ewes should be bred 


approximately five months before it is desired to have the first lambs. 


Breeding Dates and Community Ram Day 


As a means of promoting orderly marketing and a standardized 
lamb crop ‘the ‘West Virginia Livestock Shippers’ Association began 
advocating’ Ram. Day in. various communities and-counties of West 
Virginia. This. movement started in the fall of 1926. Ram Day 
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means that most or all the sheep men of a community, district, o1 
county, agree to turn the ram with the flock on a predetermined date. 


The date agreed upon is determined largely by experienced 
sheepmen. Local conditions govern their selection and as a rule the 
date selected is perhaps the approximate ideal date in that community. 
The dates most commonly selected for 1926 were October |, 15, and 
31, and November 15 and 30. In so far as information is available 
at the present, it appears that a selection of one of the foregoing dates 
is advisable. The counties and communities in the southern part of 
the state prefer early October. The more northern counties late Oc- 
tober and early November. Where sheep are to be grazed in the 
mountains and higher ranges of the Alleghenies breeding is deferred 
in a few instances until late November. 


Grand Champion Carload of Lambs at International Livestock Exposition in 1926. 
Note the Uniformity of the Lambs Which Had an Average Weight of 85 Pounds Each. 


There are several advantages in having the lambs of a section or 
community dropped simultaneously. Such practice permits the market- 
ing of most of the lambs in a community at one shipment. Car loads of 
lambs are more easily gotten together. Lamb pooling and co-opera- 
tive shipping are promoted. 


Where concerted action is not in effect there is a tendency on 
the part of sheepmen to have lambs dropped over a period of six 
weeks or two months. Pooling and cooperative shipping are less like- 
ly to succeed and many shipments of small lots must be made or else 


some lambs are extra heavy while others are light for ideal market 
weight. 


The adoption of a “Ram Day” upon which breeding is begun, as 
well as a day upon which the ram is to be removed from the flock is a 
most effective way to secure a large number of uniform standardized 
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lambs, and whether the lambs are sold to local buyers, are pooled and 
sold collectively, or are shipped cooperatively, the average price level 
is almost sure to be raised. 


Treatment for Parasites 


About two or three weeks before Ram Day the ewe flock should 
be treated for internal parasites. The method of treatment is given 
in another section of this circular (pages 41-44). 


Tagging the Ewes 


While the flock is penned for parasite treatment, the wool and 
tags from around the tail or dock of each ewe should be clipped off. 
This operation takes but a few minutes to perform but if it is not done, 
breeding may be hindered. Some ewes are barren because the wool 
and tags are so matted that service by the ram is impossible. 


Flushing the Ewes 


Many sheepmen arrange to give their flock especially good pas- 
ture two weeks prior to breeding. Such practice is known as “‘flush- 
ing. Shepherds have long believed that flushing ewes, by giving 
them better pasture or feeding a little grain just before breeding time 
increased the number of twins dropped. Experiments conducted by 
the United States Department of Agriculture over a period of six 
years bear out the shepherds’ belief. Flushed ewes produced approxi- 
mately 20 additional lambs per 100 ewes as compared with 100 ewes 


not flushed. 


When ewes are flushed there is a tendency for most of them to 
come in heat promptly and the lambing season will be shortened. The 
lambs will be more nearly uniform in age and ready for market at 
more nearly the same time. Excessively fat ewes should not be flushed. 
It is a mistake to permit ewes to get over fat. Either starving ewes at 
breeding time or excessively fattening them is a bad practice. 

The ideal plan is to have ewes in a medium condition of flesh, 
treated for parasites, tagged, flushed, and on better pasture or a little 
grain so that they are making gains when bred. 


Preparing the Ram 


The ram should be vigorous, and in good condition. If he is a 
little thin he should be given some oats and bran for two or three 
weeks before turning him with the ewes. A mixture of three parts 
oats and one part bran by weight is satisfactory. At the start the ram 
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should be fed about one-fourth of a pound of this mixture, increasing 
the amount fed daily until at the end of a week he is receiving one 
pound daily. The ram should be kept away from the ewes at all 
times other than during the breeding season. 

Rams should not be kept in a lot near the ewes as under such 
conditions they rapidly lose flesh due to worrying or fighting. They 
may be run together, however, throughout the year until about the last 
of August or the first of September, but if they begin fighting at this 
time, it is well to separate them. 

After the breeding season is over they may be turned together 
again. When they are first put together after the breeding season, 
they should be placed in a small pen or enclosure for a half day or 
so. They cannot fight much if they do not have room to back more 
than five feet. Occasionally good rams are seriously injured or even 


killed while fighting. 
Methods of Mating 


When more than one ram must be used and the rams are run 
with the flock it is better to divide the flock in two parts. In this way 
the rams cannot waste energy in fighting. As a rule several ewes will 
receive the ram the first time he is turned with them. This is nearly 
always true if they are gaining rapidly. In some experimental lots of 
ewes at this station as many as three to four ewes in lots of thirty have 
taken the ram the same afternoon he was turned with them. These 
ewes were bred within a few hours time. Under such conditions it 
is best to remove the ram and turn him with the ewes an hour in the 
early morning and again in the late afternoon. After two or three 
days he may be permitted to run with the ewes night and day. 

When the breeder has suitable pens and equipment and will take 
the time necessary he may catch each ewe as soon as she is bred and 
turn her in a pasture away from the unbred ewes. If his flock is pure- 
bred he should record her ear tag number and the date bred. Three 
or four days after breeding she may be returned to the flock. 

If the breeder of grade ewes cares to keep a record of the breed- 
ing dates he may do so by smearing the ram between the fore legs with 
a color mixture. Each ewe served by him will be marked. Lamp 
black mixed with a light engine oil and kerosene, half and half, will 
serve for one color, and Venetian red with the foregoing oil mixture 
for another. The first color should be applied every two or three 
days for sixteen days, and a change made to the second color on the 
seventeenth day. 


This method makes it possible for the breeder to know the ewes 
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that have not settled from the first service. In case but one ram is 
used, and he fails to settle his ewes, the breeder is enabled to discover 
the fact before it is too late. A great many sheep men have lost part 
or all of a proposed lamb crop due to the ram failing to breed prop- 
erly. 


Ram Should be Removed 


The ram should be taken away from the flock when the breeding 
season is over which will be after six to eight weeks. There is no 
good reason for leaving him longer. Any ewe that is not bred at 
the end of this period will have a lamb so late that but little profit will 
be returned for its rearing. Numbers of sheepmen have experienced 
losses by having the ram knock the ewes about. 

During the winter season the ram should be fed some good hay 
and a little grain. Corn silage, if available will keep him in good 
shape. Many farmers let the ram run with the cows and have but 
little trouble caring for him aside from his feeding in winter. 


THE BRED EWE 


After the ewes are bred they should be handled so as to permit 
their making a gain of from five to ten pounds in weight. If the 
ewes are thin at breeding time they should gain even more than this. 
Ewes so handied will produce stronger lambs and a better fleece. 


The Roughage Needed 


As long as pasture is good it will suffice for roughage, but when 
heavy snows come and vegetation freezes it is necessary that a good 
legume hay be used. Some flock owners make the mistake of trying 
to feed thin ewes straw or timothy hay. These materials will not prop- 
erly nourish bred ewes. Good clover, soybean, or alfalfa hay will 
largely meet all the requirements of the bred ewe until near lambing 
time when a little grain should be fed. 

If the ewes are kept in a good, thrifty, vigorous condition, no 
grain will be necessary until from four to six weeks before lambing 
time. Silage, if available, should be fed along with the hay. Much 
less trouble from impaction and constipation will result and the ewes 
will be more alert, vigorous, and thrifty. 


The Grain Ration 


Oats and wheat bran made up of four parts oats and one part 
bran by weight make a good grain ration for bred ewes. One pound 
of this mixture to each five or six ewes should be fed at the start. 
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An Inexpensive But Comfortable Sheep Shed. Note the Combined Rack and Trough 
for Feeding. Gates That Open Outward May be Used on the Open Front if Desired. 


After the ewes have all begun to eat, the amount allowed may be 
increased gradually up to three-fourths of a pound per ewe, or even 
one pound per ewe may be fed if the condition of the ewes make this 
amount essential. 

Feeds of poor quality should not be used. Coarse, musty, hays 
of low feeding value, silage that is semi-spoiled or frozen, and musty 
grain should not be fed. Clean troughs should be used for feeding the 
grain and silage and the hay should be fed in racks. 


Exercise for Bred Ewes 


When the weather will permit the ewes to graze, no other method 
can equal this for keeping the ewes vigorous. When grazing is not 
available the access to bright corn fodder spread over the frozen 
ground or snow away from the barn will be found helpful. Many 
ewes are lost from lack of exercise and its attendant evil—constipa- 
tion. A little linseed oil meal will be found useful in keeping the 
bowels in good condition, especially if it is necessary to feed a low- 
grade roughage. 


Housing Bred Ewes 


Many sheepmen in West Virginia are providing winter quarters 
for their flock and finding it profitable. The cold rains of late No- 
vember and early December thoroughly soak the fleeces of sheep and 
they remain wet for days. As a result the flock begins coughing and 
running at the nose. Loss of flesh ensues and even death from pneu- 
monia often occurs. 


Any shelter provided for sheep should have certain features but 
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in no case is an elaborate or expensive building necessary. A shed- 
type structure open at the south or south-east with the ends and back 
closed will serve in most cases. If the shed has wide gates or doors, 
a good roof, dry floors, plenty of light and air, and ample room, the 
exact style of the building is of minor importance. 


Narrow doors or gates will result in ewes that are heavy with 
lamb being hurt and some of them may abort due to the flock rushing 
through the narrow opening. Damp floors and leaky roofs are a 
menace to health and the flock will not thrive under such conditions. 
Sheep must have fresh air, but it is not necessary to have a draught. 
If the front of the shed is left open, there will be opportunity for light, 
air, and sun to do their good work. 


Some owners over-crowd their flocks. A minimum of from 10 to 
12 square feet of floor space per ewe should be allowed. On an aver- 
age 18 inches of trough and rack room are necessary to avoid crowd- 
ing. The feed racks should be arranged so that hay, chaff, and dirt 
will not contaminate the wool. It is very bad practice to throw hay 
into the rack over the backs of the flock. It is even worse practice to 
allow the flock to run to hay or straw stacks. The hay and chaff and 
seed work into the wool and it is then graded as burry and seedy, and 


A Combined Hay Rack and Feed Trough for Sheep. Plans for Constructing Such a 
Rack May be Obtained Free Upon Request to the Animal Husbandry Department of the 


College of Agriculture. 
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this grade of wool brings from five to ten cents less per pound than 


if it were clean. 
LAMBING TIME 


Individual Pens 


It is very important that the sheepman be ready for the first 
lamb. Most ewes carry their lambs about 147 days. The barn or 
shed should be cleaned two weeks prior to the date the first lamb is 
due. Several small pens made up of panels about 30 inches high and 
4 feet long should be on hand. With these pens the flock owner can 
keep the ewes and lambs under his care and control and avoid lambs 
being chilled and disowned. 


As soon as the ewe has lambed she and her offspring may be 
penned for a day or so and then turned away from the ewes that have 
not yet lambed. The ewe recognizes her young by sight, and voice. 
She depends upon her sense of smell largely at first and if one of 
twins happens to stray off she will accept the one with her and disown 
the lamb that strayed away. The small pens prevent this. 


Assisting Lambing Ewes 


Occasionally a ewe is unable to give birth to her lamb. When 
such a case occurs the shepherd should give assistance. Before at- 


Hurdles for Use in the Sheep Shed or Barn in Penning Each E t 
Day or Two When Her Lamb First Arrives Are Life-Savers. it Pave to Use. The ee 
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tempting to help the ewe he should wash his hands in water containing 
sheep dip or creolin, trim his finger nails, and grease his hands with 
raw linseed oil, unsalted clean lard, or carbolated vaseline. 

An examination will, in most cases, suggest the proper help. One 
of the first things is to make sure that the legs and head are in a 
normal position. Great care should be exercised in pulling on the 
lamb so as to be as gentle as possible. The passages should be 
smeared with pure raw linseed oil, carbolated vaseline, or pure clean 
unsalted lard. 

It should be remembered that it is absolutely necessary to be 
clean and to disinfect the hands, both before and after assisting the 
ewe. Not only is it possible for the ewe to die of blood poisoning, if 
careless methods are used, but the attendant must protect himself as 
well. The most successful help can be rendered by a person with 
small hands and one who will exercise patience and care. Injury to 
the womb should be prevented; if at all possible. 


Care of Newly Lambed Ewes 


A newly lambed ewe should be observed carefully twice daily, 
morning and evening, to make sure that the lamb or lambs are taking 
all of the milk from her udder. In case the lamb does not take all 
the milk, the ewe should be milked dry by hand. Sometimes a lamb 
nurses but one side of the udder, and in other cases the ewe gives 
more than the lamb or lambs can take. As a result the ewe’s udder 
will get hot and feverish and will cake and spoil if neglected. 


CAKED UDDERS 


When a ewe’'s udder becomes caked, she should be set on her 
rump and her udder bathed from five to ten minutes with water no 
warmer than the hand can readily bear. The udder should be dried 
with a clean cloth by rubbing gently, and pure melted lard, sweet oil, 
or olive oil applied. This treatment should be repeated at least three 
times daily until the condition is relieved. 


AVOIDANCE OF UDDER TROUBLE 


Udder trouble may usually be avoided by observing each ewe’s 
udder carefully from time to time, and especially large-uddered heavy 
milking ewes. Upon the first signs of trouble the udder should be 
milked dry. The ewes should not be permitted to bed on damp floors 
or frozen ground. But little grain should be fed for three days after 
lambing, gradually coming back to the full allowance. Succulent 
feed, like silage, is desirable and should be fed, if possible. The ewes 
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should have an abundance of clean water available at all times. Sheep 
will suffer for water rather than wade mud, and may often be within 
100 yards of water and not go for a drink. 


SORE TEATS 


Lambs have sharp teeth, and many times they bite the mother’s 
teats and make them sore. A ewe with sore teats very naturally re- 
fuses to let her lamb nurse. In such cases the udder should be milked 
out and the sore teats smeared with carbolated vaseline. This should 
be done several times daily. The lambs teeth should be examined 
and if sharp points are found, they should be smoothed off with a file. 


Care of Young Lambs 


DISOWNED LAMBS 


When a ewe disowns her lamb and has plenty of milk the attend- 
ant should tie her by the neck or with a small halter so she cannot butt 
the lamb, and hold her at two to three hour intervals for the first day 
or so for the lamb to nurse. Most ewes will stand quietly after being 
held for a few times, and let the lamb nurse when the attendant ap- 
proaches the pen. 


If the ewe is given proper feed and water and treated kindly, as 
a rule, in from two days to two weeks, she will own the lamb and 
cause no further trouble. 


There are other ways of achieving the desired end, such as rub- 
bing the ewe’s milk or the foetal fluids when they may be obtained, 
on the lamb, or by bringing a dog near. 

In case a ewe loses her lamb and it is desirable to give her an- 
other lamb, it may be accomplished by tying her in a small pen, re- 
moving the skin from the dead lamb, and fastening it on the lamb 
that is to be put with her. The extra skin should not be left on longer 
than a day or so, so it will begin to irritate the skin of the live lamb. 


WEAK LAMBS 


Even in flocks that have had most excellent care lambs are some- 
times born weak and almost lifeless. The weak lamb needs assistance; 
it should be held up to its mother’s udder, the teat put in its mouth; 
and some milk drawn with the fingers. This should be repeated until 
the lamb has gained sufficient strength to stand and nurse. 


The shepherd will be repaid if he will see to it that each new born 
lamb gets a full feeding of milk as soon as it can stand and nurse. 
Locks of wool often cover the teats and the lamb attempts to nurse 
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the lock. Any locks that interfere should be removed. Sometimes 
wax clogs the teats making it necessary to squeeze the teat to remove 
the obstruction before the lamb can nurse. 


Some lambs are exhausted at birth due to delay in being born 
and the difficulties of birth. Such lambs scarcely move. In a case of 
this kind of shepherd must act with all possible speed. He should 
wipe the mucus from the lamb’s mouth and nostrils, and open its 
mouth, and blow in it gently four or five times to start the breathing 
process. He should then lay the lamb with its feet beneath the body 
and alternately lightly squeeze and relax the chest by applying the 
hands just back of the shoulders. By alternating the blowing and 
squeezing a lamb that is apparently dead may be revived. 


CHILLED LAMBS 


When a lamb becomes chilled on account of exposure or extreme 
cold at or shortly after being born, it will die unless it is given assist- 
ance. It should be placed in a tub or pan of warm water—no warmer 
than the hand can bear—and allowed to remain for a short while, 
care being exercised to prevent drowning. When it is removed from 
the water it should be rubbed dry with a large bath towel, and wrap- 
ped in a warm dry cloth to keep it warm. 


When signs of strength appear it should still be kept wrapped 
but allowed to nurse its mother. When it is strong again it should be 
placed in a pen with its mother, and watched carefully for several 
days. 

Chilled lambs are nearly always affected by constipation. Cas- 
tor oil, one-half to one teaspoonful, should be given if signs of con- 
stipation become evident. If the first dose does not relieve the lamb 
additional doses should be given until the condition is corrected. 


ORPHAN LAMBS 


Sometimes it is necessary to raise lambs by hand. In such cases 
it is advisable to use a swan-billed nipple on an eight-ounce bottle for 
feeding. The orphan lamb should be fed whole milk from a fresh cow 
at intervals of two to three hours for the first two or three days, after 
which the time between feeds may be gradually lengthened until the 
lamb is receiving three feeds daily. At first not more than two ounces 
should be fed at one time. The amount may be gradually increased 
as the lamb grows and the time between feeding is lengthened. 


Cow’s milk is not as rich as ewes’ milk and should not be diluted 
when fed to lambs as is often done with poor results. Another com- 
mon mistake in bottle-feeding lambs is to give too much at one time 


24 


and making the time between feedings too long. Young lambs cannot 
stand gorging but require nourishment frequently. 

Bottle-fed lambs are often troubled with constipation or scours. 
In such cases each lamb should be given a teaspoonful of castor oil as 
often as needed to keep the bowels in good condition. Scours are 
usually caused by over-feeding, irregular feeding, or by the use of 
dirty nipples or bottle. 


Ailments of Young Lambs 
PINNING 


When the first fecal material passes from young lambs it is very 
sticky. Oftentimes this material adheres to the skin, wool, and tail 
of the lamb, hardening after being passed from the lamb and com- 
pletely sealing the anus. If this occurs the lamb is unable to void 
waste matter, and as a result of self poisoning, sickens and dies. To 
relieve the lamb, the accumulation should be scraped away and the 
parts washed clean with warm water. 

CONSTIPATION 


Improper feeding of the mother or chilling of the lamb some- 
times results in difficult passage of the fecal material. In such cases it 
is advisable to make up a milk-warm soapy solution and inject it into 
the rectum with a small syringe. In addition, the lamb should be given 
a teaspoonful of castor oil. 


INDIGESTION 


If a lamb begins to froth at the mouth and shows signs of great 
pain it is most likely suffering from an attack of acute indigestion. A 
tablespoonful of castor oil usually brings relief. 


SORE EYES 


When lambs are afflicted with sore eyes, tears flow freely, the 
lids are red and inflamed and the eye-ball appears milky or white. 

The eyes should be examined and if the eye-lashes are turned 
inward, they should be carefully opened and fastened in the correct 
position by using a disinfected needle and white thread. The needle 
should be inserted in the skin of the eye lid as near the lashes as pos- 
sible and again in the skin of the lid well back from the lashes, and 
the thread tied so that the lid remains open. The thread will slough 
out, but by the time it has done so the lid will have thickened and 
ceased to curl downward. 

If the lashes are not turned inward, an eye wash, silver nitrate or 
argyrol, should be procured from a druggist, and the eyes bathed 
frequently until relief is effected. 
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In either case, care should be exercised to have the hands and all 
other agents that come in contact with the eyes scrupulously clean. 


SORE MOUTH 


When scabs form on the mouth and nose of the lambs they 
should be rubbed off and the treatment applied for lip and leg ulcer- 
ation given in the section of this circular devoted to ‘‘Prevalent Ail- 
ments and Diseases of Sheep’’ (page 41). This trouble will spread 
from lamb to lamb if the attendant does not act promptly. 


GROWING THE LAMBS 


After the lambs are about a week old, the shepherd's chief atten- 
tion may be devoted to making a marketable commodity of his lamb. 
Rapid unchecked growth until marketable weight and fatness are ob- 
tained is his chief concern. To achieve this end, the ewe should be fed 
a ration, or put on pasture, that will stimulate her milk flow to the 
utmost. If grain is fed, milk-making material such as bran and oats 
should be used, and after the first week a little corn and linseed oil 
meal may be added to the ration. 


Sudden Changes 


If a change of feeds seems desirable, it should be made gradually, 
changing a very little each day. Sudden changes may cause digestive 
disturbance in the ewe and she may transmit the disturbance to her 
lamb. Sudden gorges of green feed should be avoided by giving the 
ewe access to pasture for an hour or so at first and lengthening the 


period each day. 


Variety of Feeds 


It is better to give several different kinds of feed all the time than 
to change from one feed to another from day to day. If ewes are ona 
varied wholesome ration before lambing, they should be kept on ap- 
proximately the same ration after lambing. There is no need to 


change a good ration. 
Water and Salt Important 


It is very important that the nursing ewe and growing lamb have 
daily access to salt and all the clean drinking water they wish. Unless 
salt is kept before the flock at all times there is danger that the ewes 
may eat too much at one time when it is supplied. An abundance of 
good water insures a good milk flow, provided pasture and other con- 
ditions are as they should be, and enables the ewes to suckle their 
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lambs well which is half the secret of success in raising a good crop of 
marketable lambs. 


Ewes May Lose Flesh 


There is no reason for being alarmed if a ewe declines in fatness 
or condition after lambing if her lamb is growing plump and is strong 
and playful. Such appearance indicates proper growth of the lamb 
due to the mother supplying abundance of milk. A fat ewe and thin 
lamb indicates a poor milking mother, and such ewes should be 
marked for slaughter. 


Feeding Grain 


Lambs ten days old will begin to nibble grain. Wery early lambs, 
arriving before grass, and pure-bred lambs need grain for proper 
growth. It is desirable to bring purebred lambs to maturity quickly. 
Grain feeding will do this and will give them the finish and plumpness 
demanded by the buyer of breeding stock. When grass dries up in 
early July a little grain will help fatten the grade lambs and get them 
ready for market much more quickly than will grass alone. 


A suitable grain mixture for lambs may be made by mixing by 
weight, two parts ground corn, two parts crushed or rolled oats, one 
part wheat bran, and one part linseed oil meal. 


The mixture should be placed in a flat botton trough, and a hood 
or board placed eight inches above the trough, as wide as and parallel 
with the bottom, to keep the lambs from getting into the trough with 
their feet, and the feed from being mussed or soiled. 


Amount of Feed 


For the first two or three weeks lambs will merely nibble grain, 
but by the time they are a month old each lamb will be eating approx- 
imately a quarter of a pound of grain mixture daily. Whole grain 
may be substituted for the ground corn and crushed oats at this time 
and the lambs fed as much as they will consume. 


Lamb Creeps 


The feed trough should be placed in a pen that has openings 
large enough to permit the lambs to pass but small enough to exclude 
the ewes, and the openings enlarged as the lambs grow larger. When 
lambs are dropped in the pasture and it seems desirable to feed them 
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grain, a creep may be placed at a convenient place in the field, pre- 
ferably where there is shade or shelter. 


Docking and Castration 


Docking is the name given by sheepmen to the operation of cut- 
ting off the tail. Castration is the name applied to removal of the 
testicles of male animals. 


During the past two years the West Virginia Co-operative Live- 
stock Shippers’ Association, the State Department of Agriculture, and 
the Agricultural Extension Division and Animal Husbandry Depart- 
ment of West Virginia University have co-operated in holding dock- 
ing and castration field demonstration in twenty counties of the state. 
A uniform practice has been demonstrated and recommended to far- 
mers and sheep owners in these counties. 


Briefly the reason for performing the operations are: Docking 
is performed due to the tendency of sheep to befoul long tails with 
feces. Such befoulment is unhealthy; flies are attracted and eggs are 
deposited by them. Often this results in maggots developing and 
burrowing under the skin of sheep and lambs. If the owner fails to 
discover this condition per- 
manent injury and many 
times death results. 


The mating, lambing, 
and general health of the 
breeding ewe makes the op- 


A £ a = 5 Docking Irons and a Good Knife for Castra- 
eration oO ocking impera-~ tion. Note the Length of the Knife Blade, 3% 
to 4 Inches. 


tive. Few ewes are to be 
found with long tails, as more than 95 per cent of breeding ewes are 
docked. Lambs, both ewes and wethers, intended for market should 
be docked as this gives them a cleaner and more tidy appearance. As 
a rule, docked lambs of equal merit are more attractive to the buyer 
than undocked lambs. 


Castration of ram lambs is performed because of the fact that 
sexual development interferes with proper fattening for the block. 
When ram lambs are marketed at or before reaching the age of four 
months masculine development is not as marked and the effect of 
castration is perhaps not as noticeable. Ram lambs over four months, 
tend to grow in size rather than fatten. They develop heavy heads, 
more muscular necks, coarser shoulders and frames, and large sexual 


The First Step in Castration. ly, 
of the Scrotum. Note How the Lamb is Being Held 
Which is the Proper Position for This Operation. 
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Cutting Off 44 


organs. They become 
restless. They not only 
spend less time eating 
and lying down but they 
annoy the ewe lambs. 
The total effect  re- 
sults in many of them be- 
ing sold at a lower price 
than the ewes and weth- 
ers from the same load 
of lambs. 


Ram lambs that are 
not fat due to sexual de- 
velopment and its at- 
tendant activity, that are 


four and one-half months old or over, and that arrive on a mar- 
ket over supplied with lambs or much after the middle of August 


may be penalized in price very markedly. 


The explanation for this 


lower price is simple. These lambs dress less meat for each 100 


pounds live weight, and the meat is of inferior quality as compared 


with ewe and wether lambs. 


The operations of docking and castration are necessary and in 


order to attain success, to avoid loss, and to perform the operation 


humanely the following 
methods have been used 
and advocated by the sev- 
eral agencies demonstrat- 
ing in the field. If the 
flock owner lacks experi- 
ence and desires a demon- 
stration, he should call the 
county agent, or a neigh- 
bor may be able to give 
the desired assistance. 


WEATHER CONDITIONS 


A bright crisp day 
should be selected for cas- 
trating lambs rather than 
a cold wet rainy day. The 


Forcing the Testicles Out and Holding the Cords 
by Clamping the Outer Walls of the Scrotum Close 
Up to the Body With the Thumb and Finger of the 


Left Hand. 


Note That Lamb is Not Held Properly. 
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vitality of the lambs is not 
as great on a raw damp 
day as on a sunshiny day. 


NEEDED REST 


When lambs are to 
be docked and castrated 
they should be kept in 
confinement for a _ time 


where they will be quiet. 
The operations should not 
be performed immediate- 


4 


= ly after driving the lambs 


Grasping ‘the Testicle With the Thumb’ ana @ distance, when they-are 


Finger of the Right Hand and Pulling it Out Quick- s 
ly. The Lamb is Being Held in a Poor Position to excited, or have been run- 


Better Show the Operation. ning. If the lambs are 
rested and remain quiet they bleed much less than when worried and 
hot. In catching them the attendant should be as quiet, careful, and 
gentle as possible. 


CLEAN PLACE ESSENTIAL 


The sheep and lambs should be penned in a clean place and the 
lambs put down in a clean place after the operation. Filthy pens, 
barns, and barn lots may cause the owner endless trouble due to in- 
fected wounds. A clean pasture is a splendid place for the lambs 
after operation. 


PROPER AGE 


Lambs one to two 
weeks old are of almost 
ideal age to withstand the 
shock of the operation. 
Lambs much younger lack 
sufficient vitality and old- 
er lambs suffer more from 
bleeding and shock. Many 
sheep men make the mis- 
take of waiting until all 
the lambs arrive to per- 
form these operations. If 
some condition is not right 


é The Final Step in Castration, Applying a Disin- 
and trouble arises all fectant to the Wound. Note That the Attendant is 
Not Holding the Lamb Properly Which Places it 

the lambs are exposed. Unde- a Strain. 
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The correct procedure is to operate at least once a week on all lambs 


of proper age. 


ANTISEPTIC IMPORTANT 


It is necessary that cleanliness be exercised in docking and cas- 
trating lambs. A disinfectant such as cresol or lysol, should be used. 
This should be prepared in a clean basin using clean water. The 
operator should wash his hands and knife in the solution before be- 
ginning to operate. The knife should be kept in the solution when 
not in use and the hands dipped in it each time a lamb is operated 


upon. 
SHARP KNIFE NEEDED 


A sharp knife free from a “‘wire’’ edge with a blade three and 
one-half to four inches long permits the operator to sever the scrotum 
or the tail at one stroke. The edge should be kept in good condition 
by means of an oil stone. 


METHOD OF OPERATING 


Castration—tThe attendant should hold the ram lamb as shown 
in the illustration at the top of page 28. The person performing 
the operation should grasp the end of the scrotum and at one stroke 
cut off its lower one-third. With the thumb and finger of one 
hand he should hold the cords attached to the testicle by clamping 
the outer walls of the scrotum close up to the body, while he inserts 
the thumb and finger of his other hand inside the scrotum until the 
entire length of the testicle is passed, so that he can close his thumb 
and finger above it. He should then hold fast with the thumb and 
finger of each hand and quickly draw the testicle away. The second 
testicle should be removed in the same manner and as speedily as 
possible. The wound should be disinfected. 


Docking—The ram lambs should be docked immediately after 
being castrated and before being put down. The tail should be held 
out straight, the skin slipped toward the body, and the tail severed 
about one to one and a half inches from the body with one swift 
stroke of the knife. 


The hot docking iron is also used for this operation. Healing is a 
little slower and the wound sloughs more so that in warm weather 
flies must be more carefully kept away from the wound. A fly repel- 
lant may be made by mixing lard and pine tar half and half and ap- 
plying it to the wound. If the iron used is heated to a cherry red no 
bleeding will occur unless the tail is instantly snapped off. It should 
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be cut quickly rather than by snapping the hot blades together. The 
foregoing directions apply also to the docking of ewe lambs. 


OPERATE IN THE MORNING 


If the flock owner will perform the operations of castrating and 
docking early in the morning he will have opportunity to observe the 
lambs throughout the day. In case excessive bleeding occurs from 
the tail, a cord should be tied around the tail tightly enough to stop 
the blood, and removed in from two to three hours. 


THE WOOL CROP 


Wool is an important product of the flock. Asa rule 20 to 25 
per cent of the sales from the mutton flock may be expected from 
wool. Where fine wool sheep are kept a much larger percentage of 
the sales is from wool. The exact percentage return will depend upon 
the price of wool, its cost of production, and the care and skill exer- 
cised in the production and sale of this product. 

The important factors influencing the value of wool that may be 
controlled by the grower are length, strength, color, and fineness of 
fiber, and condition of the fleece. These factors together with the 
amount of wool and the demand for wool products largely determine 
the price the manufacturer pays for wool. 


Length and Strength of Wool 


The length of fiber may be controlled by the grower, by selecting 
breeding stock having wool fiber two and one-half inches long and 
longer. If all of the grower’s fleeces have fiber of such length his wool 
will be classed as combing wool. In the past few years the market price 
of combing wool has been higher than that of the shorter clothing 
wool. Careful selection of the breeding stock will enable the grower 
to produce a longer staple and receive this price advantage. 

Care of the flock also has a bearing on the length of staple. Sick- 
ness, due to exposure or disease may cause a weak place in the fiber so 
that it breaks easily when tested with the fingers. Such fleeces may 
have the requisite length but due to the weak places are graded as 
clothing wool. It will pay the owner, therefore, to carefully look 


after the health, shelter, and feed of his flock. 
Color of Wool 


As in the case of length, the color of wool can be controlled by 
selection. Black and gray wools do not sell for as much per pound 
as white wool. Ewes that do not have all white fleeces should be 
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weeded out and discarded. If ewe lambs are to be kept for the 
flock, the fleece of the ram to be used should be examined and in 
case he has any black fiber in his fleece he should not be used, if it 
is possible to secure another ram as good and with a pure white 


fleece. 


Fineness or Diameter of Fiber 


The fineness or diameter of the wool fiber not only varies on the 
different sheep in a flock but also varies on the individual ewes. The 
wool on the thigh is coarser and of larger diameter than the wool on 
the shoulder, side, or back of a sheep. The owner who desires to 
improve the fineness of his wool clip must use care in the selection of 
his breeding animals, discarding the sheep that have coarse open 
fleeces or fleeces that vary greatly in fineness. 

As a rule fineness of fiber may be determined by the density and 
compactness of the fleece. Wool that permits water and dirt to pene- 
trate deeply is usually coarse. Also wool that lacks waviness, or 
crimp as it is called, is coarser than very wavy or crimpy wool. 


Condition of the Wool 


To receive the best possible price for wool it must be in good 
condition. The presence of burrs, seeds, chaff, and dirt all lower the 
value of the fleece. Whenever it is possible the weeds with burrs in 
the pasture should be kept cut down. If only a few burrs are present 
in the fleece when the sheep is shorn, they should be removed. 

When feeding hay it should never be passed over the backs of 
the sheep, and sheep should not be permitted to run to hay or straw 
stacks. Hay racks that do not permit the seeds and chaff to fall into 
the head and neck wool should always be used. A little care exer- 
cised while feeding in the barn or on pasture will pay well. 

Diseases or parasites leave their mark on the fleece of every 
sheep they affect. Shorter fiber, lighter fleeces, and even shedding 
of wool is a result of the owner’s neglect of the flock as regards their 
health. Dipping for lice and ticks and treating for internal parasites 
as described elsewhere in this circular will not only give a heavier 
fleece of greater selling value but will prolong the average life of the 


flock. 
Feeding for Wool 


The maximum growth of wool is dependent upon the sheep 
being properly fed. Wool contains lime, phosphorous, sulphur, pot- 
ash, and protein; so do the leguminous hays, such as clover, soybean, 
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and alfalfa. he clover in a good blue grass sod helps furnish the 
necessary materials. If then, a good legume hay is fed in winter and 
pasture partly made up of clover is used in summer, a large part of the 
wool growing requirements are easily met. 

Grain mixtures mentioned elsewhere in this circular and silage 
will insure an even growth of strong staple. Changes in a satisfactory 
ration should be avoided, but if it becomes necessary or desirable to 
make a change it should be done gradually. Regularity of feeding is 
also an important factor in successful feeding. The amount to feed 
depends upon the condition and age of the flock. Young sheep need 
more feed than mature ones. In general, the flock should be fed so 
that it is in a good thrifty condition at all times. 


Shearing and Preparing the Fleece for Market 


As a rule, sheep should be shorn between May | and 15 except 
in the higher altitudes of the state. To shear just as early as the 
weather permits, is a good practice to follow. In the higher regions 
of the state shearing is usually a little later than in the lowlands. 

At one time sheep were washed before shearing. This practice 
has ceased as it does not pay. Sheep should not be shorn when the 
fleece is damp unless the 
wool is thoroughly dried be- 
fore being tied. 

All sheep should be 
tagged and in case there are 
only a few burrs in a fleece 
they should be removed, be- 
fore starting to shear. Shear- 
ing should always be done 
in a clean dry place and the 
shearing floor kept clean. 

The sheep should be 
kept off pasture for a short 
while before beginning to 
shear so they will not be too 
full of feed and _ hence 
uncomfortable while being 


handled. The sheep will be 


A Better Job of Shearing May be Done pith easier to shear if they are 
the Machine Than With the Hand Shears; ere 
Will be ese Second Cuts, the Fleece Will be comfortable. 
eae and Present a More Attractive Appear- While 


shearing, the 
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sheep should be handled so that the fleece will not be torn apart. 
The shearing machine will do better work than hand shears. Re- 
gardless of the shear used “‘second cutting’’ of the wool should be 
avoided by shearing close to the body at all times. “Second cut”’ 
wool is penalized several cents per pound. 

Care should be exercised to see that no straw, tags, or other 
foreign matter contaminates the shorn fleece. It should be folded 
lengthwise with the clean side out by folding from each side so that 
the loose ends are in the center. The ends should be folded to the 
center and the fleece then folded again. A good grade of paper wool 
twine should be used to tie the fleece, using no more than necessary. 
If a wool tying box is used, the fleece should not be tied too tightly, 
as this will cause it to appear too heavy for its bulk and it will be 
graded down. Two fleeces should never be tied together. 

The tied fleeces should be placed in clean wool sacks, and all 
black, gry, dead, and tag wool bagged separately in clean feed sacks. 
The sacks should be sewed up or tied and stored in a clean dry place 
until marketed. 


Cooperative Marketing 


Many wool growers of the state market their wool through the 
West Virginia Wool Growers’ Cooperative Association. In this way 
they learn the market grades they are producing and the grades that 
bring the highest price per pound. 

The state association is now marketing wool through the same 
sales agency as the Ohio Wool Growers’ Cooperative Association. 


A Neatly Tied Fleece and a Ball of Paper Wool Twi Sisal Bi i 
Never be Used for Tying Wool. Note the Square-Like Anneernnce Ain eae 
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The Wrong Way to Catch a Sheep. 
the Wool Tears the Skin Loose and is a Very Bad 


Practice. 


Grabbing by 


This association has a 
successful record over a 
period of nine years in 
marketing wool. 
Cooperative wool 
growers associations 
have for their object the 
selling of wool on its 
merits, reducing the 
speculation in this prod- 
uct, working for a more 
stable market, standard- 
izing, and advertising 
wool handled by them. 
They are in a degree se- 
curing for the grower 


compensation for superior methods of breeding, management, and 


preparation of wool. 


CATCHING AND HANDLING SHEEP 


Sheep are very easily injured by rough and careless handling. 
Undue excitement caused by hurried rough treatment while driving 
them is equally as bad. All rough treatment may easily be avoided 
by quietly driving the flock into a small lot or other enclosure and 
then by means of hurdles or gates, crowding and penning them 


tightly enough to prevent 
running. Once sheep are 
closely crowded catching 
is relatively easy. (See 
illustration on page 9.) 
There are right and 
wrong ways of catching 
sheep. The wrong and 
cruel way is all too com- 
monly practiced by ignor- 
ant flockmen. They al- 
most invariably grab a 
sheep by its ears or wool. 
The skin of a sheep is 
very loosely attached to 
the body. Holding to the 


wool while the sheep 


The Right Way to Catch a Sheep. Sheep May 
Also be Caught Without Injury by Placing the Hand 
Under the Jaw or by Grasping the Hind Leg Just 
Above the Hock. 
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struggles often results in 
an area of skin being 
torn loose. When this 
happens weeks and even 
months may intervene 
before the sheep recov- 
ers from such an injury. 

The right way to 
catch sheep are: under 
the jaws, by the hind 
flank, and above the 
hock. When sheep are 


Tis VWs We G@ Tlesdl a Shasn Winds (War first caught they often 


Cause it to Struggle and Offer Resistance, Besides 
Hurting its Ears. There is Danger, Too, That a Ram struggle unless closely 


May Knock the Attendant Over. pressed by other sheep 
or properly held. One of the best ways to quiet a struggling sheep 


and have it stand quietly is for the catcher to hold its head close to 
his body and cover its eyes. The accompanying illustrations show the 
proper method of catching, holding, and leading sheep. 


Trimming the Feet of Sheep 


The hoofs of sheep grow very rapidly and if not watched may 
become so long and crooked that lameness results. This trouble may 
be remedied by trimming the feet with a good knife. The hoofs 
should be trimmed as often as is necessary to keep them short and 


level. 
HOW TO TRIM 


The sheep should 
be caught as instructed. 
The shepherd should 
stand on the left side of 
the sheep, place his left 
arm under its neck, and 
reach under the sheep 
with his right hand and 
grasp the right hind leg 
just above the hock. He 
should then lift up with 
his left arm and_ pull 


A 


: A 3 ‘ The Right Way to Lead a Sheep. The Animal i 
toward him with his right — Easily Held in Thic Way andi Mavgbe Guide AWith the 


P - Hand Under Its Jaw While a Little Pressure on Its 
hand. The sheep will sit Rump Will Cause It to Move Forward. 
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The Right Way to Set a Sheep on Its Rump. 


i lilt, 


fel 


The 


Man’s Right Arm is in Front of the Sheep’s Left Hind 


Leg. Pulling With His Right Hand and Lifting Up 
With His Left Arm Will Cause the Sheep to Sit Down. 
to cause bleeding. By 
watching the toe the 


operator will observe as 
he cuts it short, a pinkish 
area nearits end. When 


ee 


inom ips 


pink horn shows, bleed- 


i Ao abt com cinnamon 


ing will result if further 


siannaiens settee iO se 


paring is attempted. 


CULLING THE EWE 


FLOCK 
Before the lambs 
have been separated 


fyom their mothers is the 
best time for the sheep 
man to cull his ewe flock 
and discard ewes that 
inferior 
lambs, that 
evidently poor mothers, 
or that are barren. 


To cull the flock 


properly, the ewes that 
weak, or 


have dropped 


those are 


have poor, 


He should step 
the sheep and 


down. 
behind 
pull it backward against 
A little prac- 
tice will enable the aver- 
age person to set the 
sheep down and hold it 
with very little exertion 


his knees. 


or struggle. 

With the sheep in 
proper position all the 
feet may be reached and 
All surplus 
hoof should be cut away 


trimmed. 


and the toes when exces- 
sively long shortened. A 
little care must be exer- 
cised in cutting so as not: 


ee 


EO | 


SON ARAL DEAR 


Ee ae | 
i 


Trimming a Sheep’s Feet is Easily Accomplished, if 
the Animal is Held Properly as Shown in This Picture. 
This Position May be Attained Setting the Sheep on Its 
Rump and Then Stepping Behind It. 
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ill-formed lambs should be marked, and after the lambs have gone 
to market, the cull ewes put on good pasture, fattened, and sold for 
slaughter. The flock owner in some cases will note that his best 
lambs are from ewes that are a little thin and not so attractive as 
certain other ewes. In such cases, if upon examination, the ewe proves 
sound and healthy, she should be kept. Heavy milking ewes often 
get thin while suckling their lambs. 

Barren ewes will appear to be the best ones in the flock, but un- 
less they are very young every one should be sold to the butcher. 
They have given only their fleece far their keep. 

All diseased ewes should be discarded. As a rule it is not ad- 
visable to retain a broken mouthed ewe. She will have difficulty in 
feeding herself and lamb. 

Many lambs are lost yearly because of the mother having a 
spoiled udder. If the udder of a ewe is not normal she is likely to 
milk poorly, if at all. The wise plan is to inspect the udder of each 
ewe and discard the ewes with bad ones. 

The fleeces of the various ewes in the flock should be carefully 
noted at shearing time and any that shear light, short, coarse, or open, 
fuzzy fleeces should be marked and discarded at culling time. 

If the owner will let the appearance of a ewe’s lamb be his guide to 
her ability to produce and feed a good lamb; if he will dispose of bar- 
ren ewes and replace them with ewes that will produce lambs; if he 
will examine his flock and discard unhealthy diseased ewes, old broken 
mouthed ewes, and those with poor fleeces or bad udders, his profits 
from next year’s sales will more than repay him for his trouble, and 
his difficulties at lambing time next year will almost disappear. 


GROWING AND MARKETING LAMBS 


Practically all of the lambs in West Virginia dropped during the 
spring months are sold as fat market lambs during the summer and 
fall. As a rule the lambs run on pasture with their mothers until they 
reach weights of from 70 to 85 pounds. 


Movement to market starts as early as June for a very few ex- 
tremely early lambs, but marketing does not become general until 
July and August. Marketing continues until as late as November. 


The late lambs as a rule come from the higher altitudes of the 
state. In the bluegrass area of the state, given pasture, water, salt, 
and shade, the ewe and growing lamb need little else for rapid growth 
from the time pasture appears until market time. 
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If very early marketing is desired, a creep should be placed in 
the pasture and the lambs fed grain. Shelled corn, 2 parts; whole 
oats, 2 parts; and wheat bran, | part, by weight, will serve to promote 
rapid growth. The lambs may be permitted to consume from one-half 
to one pound of this mixture daily. 


If lambs intended for breeding stock are being fed, the corn 
should be omitted and 10 parts whole oats, 2 parts bran, and one part 
oil meal fed. In either case the trough should be kept clean. If possi- 
ble the creep should be located reasonably close to shade and water. 
If the flock is regularly salted along side the creep but little difficulty 


Shade is Essential to the Best Health of the Sheep Flock and the Proper Growth 
and Development of the Lambs. Where Natural Shade is Not Available, it Pays to Provide 
Shade by Artificial Means. 


will be experienced in getting all the lambs to the feed. In the blue 
grass area, if lambs are not to be marketed by the middle of August 
they should be given a treatment for parasites as early as the first of 


July. 


Selling Fat Lambs 


There are three general methods in use by farmers at the present 
time for the disposal of their fat lambs. One method is the sale to 
local buyers at a contract price. Many lambs are thus disposed of long 
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before they are ready for the market. Up to within the last few years 
this practice was almost state wide. 


The second general method is the pooling of lambs within a com- 
munity. Under this plan the sheepmen of a community are usually 
enabled to secure a higher price from the local buyers due to superior 
bargaining power. The lambs pooled may or may not be of superior 
quality but an advantage to the growers is secured by concerted 
demands on the part of a large number of growers. Under the pool 
plan all farmers within the pool receive the same price irrespective of 
quality and grade, since this is not sound business, pooling does not 
stand in competition with cooperative marketing where lambs are sold 


on their merits. 


The third general method is to market cooperatively. Under this 
plan the farmers arrange through a county manager to ship a full car 
load directly to the market. The lambs of each farmer are weighed, 
marked, loaded, and shipped to market and sold by a commission 
firm, either controlled by the producer or privately owned. 


If an entire car load is sold at a specific price, each man shipping 
lambs in the car is charged his proportionate share of market cost and 
each receives the same net price per pound. Should any lambs in a 
car sell for a less price because of being inferior to the general run of 
lambs, these inferior lambs are weighed up and the grower is paid in 
accordance with what they bring. In any case the grower’s lambs are 
sold as nearly as possible on their merits. 


Marketing lambs through organized county livestock shippers’ 
associations has become quite popular within the past several years. 
To the farmer who is producing standardized high grade lambs it 
offers one of the fairest means of obtaining the full market price for 
his stock. Without such associations the farmer who is a good sheep- 
man and who puts in practice all of the methods necessary to secure a 
product of highest quality is often compelled to take the same price 
his neighbor receives for inferior lambs. 


The local lamb buyer is practically compelled to pay a flat price 
-or all the lambs he buys. The flock owner who neglects his sheep 
and lambs almost invariably demands as much for his lambs as the 
owner of choice well prepared lambs receives. In the districts and 
counties where strong shipping associations are operating the producer 
of inferior lambs has to sell his lambs on their merits. A few ship- 
ments will soon disclose to a community the type, weight, quality, and 
vondition that brings the most money. In short, cooperative ship< 
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ping and selling of lambs is the most effective means of acquainting the 
producer with the market demands. 


Keeping Ewe Lambs 


A few sheep men do not market all of their lambs. They keep 
the ewe lambs and market the castrated rams or wethers. Where 
all the lambs are sent to market weaning takes place when the lambs 
are weighed for shipment. The flock owner should watch the udders 
of his ewes when the lambs are taken away. Some of the ewes may 
need milking. 


In case ewe lambs are to be kept, they should be separated from 
their mothers at from four to five months of age, treated for parasites, 
and handled as a separate flock. These young and growing ewes can 
not be run with the old ewes to good advantage. They require better 
pasture and superior wintering. If ewe lambs are furnished good 
pasture and are well wintered by liberal feeding and are again given 
good pasture the following summer they will make valuable additions 
to the flock at breeding time as yearlings. In return for good care the 
first year, the owner will have a valuable fleece. 


RATIONS FOR EWE LAMBS 


Ewe lambs weighing 70 to 90 pounds may be wintered on from 
one and a half to two pounds of alfalfa, clover, or soybean hay, one 
to two pounds of corn silage, and from one-fourth to one pound of 


whole oats daily. 


PREVALENT AILMENTS AND DISEASES OF SHEEP* 


Sheep, like all other classes of livestock, are susceptible to many 
diseases and ailments. Parasites probably cause a greater financial loss 
to sheep owners, however, than all other diseases combined. Only a 
few of the most common and important diseases are discussed in this 


circular. 


Parasites 
STOMACH WORMS 
Stomach worms are a type of parasites that live in the fourth or 
true stomach of sheep and cattle. The body of the worm is thread- 
like, may be red or white in color, and often has the appearance of 
being twisted. _The average length is about one inch. The eggs are 
laid in the stomach of the sheep by the adult female parasite and 


*This section of this circular was prepared by Dr. J. H. Rietz. 
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pass to the outside world with the feces. In a few hours to a few 
days, depending upon the temperature and amount of moisture pres- 
ent, a very small worm emerges from the egg. In a few more days 
this tiny worm crawls onto the grass blades or into the water supply 
and awaits being swallowed by some sheep with its food or water. If 
this tiny worm is taken into the stomach of a sheep in this stage of 
development, it grows into another stomach worm. The average life 
cycle, from the egg to the next generation of eggs, is about three 
weeks, under summer conditions. Considering that each adult female 
parasite lays hundreds and possibly thousands of eggs, it can be 
readily understood why the stomachs of sheep often contain hundreds 
of these parasites. 


Sheep that are affected with stomach worms usually show un- 
thriftiness, loss of flesh, dullness, paleness of skin, mucus membrane 
of the mouth, and cov- 
ering of the eye balls. 
The appetite becomes 
poor, there is thirst, diar- 
rhea, and often a dough 
like swelling of the 


throat, dewlap and bris- 
ket. 


A certain diagnosis 
of any type of intestinal 
parasite may be obtained 
by forwarding a speci- 
men of feces (dung) 
from the suspected ani- 
mal, to the Veterinary 
Laboratory, West Vir- 
ginia University, Mor- 
gantown, West Virginia. 


Many drugs and 
combinations of drugs 
have been used to re- 
move stomach worms, 
with varying degrees of 
success. Experience has 
nigga Mere tantagr nen apts GE Te fis 
High May Cause Strangling and Pneumonia May Re- Copper Sulphate (blue- 

stone) a simple, effective 
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and comparaticely safe 
drug for the removal of 
these parasites. One con- 
dition must be kept in 
mind for the success of 
this remedy. Leave noth- 
ing to guesswork. All 
mixtures and _ dosages 
must be carefully meas- 
ured and the details of 
preparation and treatment 
carried out. 


Sheep that are to be 
treated should be depriv- 
ed of food for 18 to 24 
hours before treatment. A 
constant supply of water 
should be provided. The 
sheep should be confined 
in a small enclosure, where 
they can be caught with- 
out undue excitement, 
running, and worrying. If 
there is no small enclos- 
ure, one should be built. 
Practically every farmer 
in West Virginia has waste 
posts and boards avail- 
able from which suitable 


pens can be built. 
The Dosage Syringe is a Great Help in Drenching. 
It is Advisable to Use a Graduated Measuring Glass 


In drenching a long- to Insure the Correct and Accurate Dosage. 


neck bottle should be 
used or better still a dose syringe which can be obtained through the 
County Farm Bureau or Extension Service. In drenching sheep, the 
nose should not be elevated too high. It should be raised only enough 
to be on a level with the eye. Raising the nose too high causes dif- 
ficulty in swallowing and if strangling results some of the drench 
liquid may enter the wind-pipe and pneumonia may follow. 

A one and one-half per cent (114%) solution of Copper Sul- 


phate is used as the drench solution. This is made by dissolving one 
ounce of Copper Sulphate in exactly one-half gallon of water. This 
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quantity will be sufficient to treat approximately 20 adult sheep. This 
solution should be given in the following size doses: 


Adult sheep? as. 2 ee 5 ounces 
Wearlingss sa. See es Z ounces 
Sixtmonth+old sac. | ee aS 114 ounces 
hreesmonth. old = 4 se 24 ounce 


A graduated measuring glass should be used to measure the 
exact dosage. Food and water should be withheld from the treated 
animals for three hours after treatment. 

To successfully control stomach worm infestation on infected 
premises, it is necessary to treat the sheep regularly every three weeks, 
during the warmer months (April | to September 30). During the 
colder winter months, if the sheep are not allowed the run of a pas- 
ture where infected sheep have grazed during the previous twelve 
months, treatment will not be necessary. 


NODULAR WORMS 


The larvae or undeveloped stage of an intestinal worm causes 
the nodules or tumor-like formations along the intestines of sheep. 
These larvae live and develop in the nodules for six to seven months, 
when they pass into the bowel and become mature in another four 
months. At this time they deposit their eggs, which pass to the out- 
side world with the feces. 


If the moisture and temperature conditions are right, the young 
soon hatch and are taken up with the food and water by other sheep. 
After entering the bowel the young embryo burrows into the intestinal 
wall and again causes the formation of another nodule. 


These parasites are not as long as the stomach worm, measuring 
less than three-fourths of an inch in length. They are white in color 
and are found in the intestines in greatest numbers from March until 
September. The adult parasites live in the large and small intestines 
of sheep and goats. The symptoms caused by nodular worms are not 
different from those caused by stomach worms and the same treatment 
is effective in the control. 


TAPE WORMS 


The white ribbon-like, segmented worms found in the intestines 
of sheep are tape worms. There are three species of tape worms 
found in the intestines of sheep. The largest of these specis may 
attain a length of 30 feet. Another species may grow to eight feet in 
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length. The smallest species measures only about six inches in 
length. 


Tape worm infestation seems to be on the increase, consequently 
greater care should be exercised in watching the feces of the sheep 
for the white segments which are constantly being passed. These 
ripe segments, which are found in the feces of the sheep are packed 
full of the eggs of the tapeworm. These eggs undergo a number of 
changes and if finally they gain entrance to the digestive tract of a 
sheep, develop into another tapeworm. 


The symptoms of tape worm infestation also are not different 
from those due to stomach worm infestation, and the same treat- 
ment that removes stomach worms will also remove the tape 


worms. 


Sheep not only harbor tape worms in their intestines, but also fill 
the capacity of intermediate host to at least three intestinal tape worms 
of dogs. These intermediate forms of tape worms are the cysts or 
bladders containing the heads and necks of tapeworms. They are 
found in the abdominal cavity, connective tissue, brain cavities, and 
other similar parts of sheep. When the brain is the location of the 
cysts or bladders, the disease is known as “‘Gid.’’ In this disease the 
sheep become nervous, travel in circles, often become blind and 
through inability to feed, loss of flesh, weakness, and death usually 
follows. If these bladders are eaten by dogs they develop into more 
tapeworms. 

Treatment is not practical but each sheep owner should use his 
influence to control stray dogs. It is important for every farmer to 
see to it that his own farm dog and those of his neighbors are free 


from tapeworms. 
LUNG WORMS 


Three species of worms are known to inhabit the lungs of sheep. 
These worms are thread or hair-like, white, red, or brown in color 
and vary from one to three inches in length. The eggs are deposited 
in the bronchi (air tubes) of the lung by the adult parasite. The eggs 
or the newly hatched larvee may be found in the discharge from the 
nose or saliva of infected animals. If the eggs or newly hatched 
worms fall into water or a moist place, they continue to develop and 
change, and if taken into the stomach of sheep, with the food, they 
find their way to the lung where they develop into mature worms. 

The most noticeable symptom caused by these parasites is a dry 
cough, which becomes aggravated with exercise. There is usually a 


46 


mucus discharge from the nose and mouth. If the number of parasites 
is great, there is usually marked difficulty in breathing, paleness, and 
swelling of throat, dewlap, brisket, and eyelids. Weakness and even 


death may result. 


The treatment for lung worms is not as satisfactory as the treat- 
ment for parasites of the digestive tract because the dangers from 
administration of the treatment are greater. 


Chloroform administered slowly until the sheep is nearly anes- 
thetized has been recommended. ‘This is accomplished by dropping 
chloroform slowly drop by drop into first one nostril and then the 
other. 


The injection of 2 cc of a mixture of equal parts of olive oil and 
turpentine directly into the trachea (wind pipe) has some merit. The 
injection is made with a hypodermic syringe and care should be exer- 
cised to insert the needle between the rings of cartilage, to avoid injury 
to the trachea. 


GRUB IN THE HEAD 


Grub in the head is produced by the depositing of the living 
young of a fly on the nose of the sheep. The young larve travel up 
the nostrils and come to rest in the cavities of the head, where they 
cause irritation and very often very severe catarrh. The grubs remain 
in the cavities of the head for a period of ten months, before they 
descend to the outside world. Upon reaching the earth, the grub un- 
dergoes further changes, finally developing into another fly. 


In heavy infestation the mucus discharge contains a large amount 
of pus. The air passages become filled and breathing may become 
very difficult. This causes dullness, sluggishness, loss of flesh, and 
weakness, and may lead to death. 


Treatment is not satisfactory, but all efforts should be concen- 
trated upon the prevention of the deposit of the larve by the fly. 
This is accomplished by using fly repellants on and about the nostrils 
of the sheep. Pine tar is highly recommended for this purpose. A 
very satisfactory method of application is the use of salt logs in the 
pasture. A number of two-inch auger holes are bored into a log. Salt 
is kept in these auger holes so that the noses of the sheep will become 
smeared when they attempt to eat the salt. 


Providing a dark place for the sheep to lie during the day while 


the flies are most troublesome is also beneficial in reducing the amount 
of infestation. 
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LICE 


Two species of lice infest sheep. These parasites are quite small, 
measuring only about 1-25 of one inch in length. The color is nearly 
white, and consequently it is difficult to detect their presence unless a 
very careful examination is made. Considerable damage is done by 
these parasites. There is loss of flesh, caused from worry due to the 
irritation of the skin and from the loss of wool as a result of the rub- 
bing, pulling, and biting of the sheep. 

Dipping is the only satisfactory method of control for these 
parasites. Specifications for a dipping vat may be obtained by writing 
to the Animal Husbandry Department, College of Agriculture, Mor- 
gantown, West Virginia. The dip solution should be of sufficient 
depth in the vat so the sheep can be completely submerged and the 
wool thoroughly soaked to the skin. This will require an average of 
one minute. Proper water tight drain pens should be provided or the 
loss of dip will be too great. A number of dip preparations have been 
used, with varying degrees of success. A few of the more common 
are coal-tar, creosote, creolin, cresol, nicotine, lime and sulphur, etc. 

A five one-hundredth of one per cent (.05%) solution of 
nicotine sulphate is probably as effective in an all around way as any 
of the preparations. The directions for the proper dilutions are al- 
ways given on the label on the cans and these directions should be 
followed. Two dippings, eight to ten days apart, are necessary to 
eradicate lice. 

TICKS 


The so-called “‘sheep tick’’ also known in certain sections of the 
country as the “‘large sheep louse’ is neither a tick nor a louse but 
a species of wingless fly. This parasite is reddish brown in color 
and measures about one-fiftieth of an inch in length. The head is 
short and the body sack-like and leathery. The losses caused by this 
so-called tick are very similar to those caused by lice. Dipping is 
the only satisfactory method of controlling this parasite. The same 
general instructions regarding dipping as for lice is applicable for 
ticks. 

Nicotine sulphate, when used in a seven one-hundredth of one 
per cent (.07%) solution, has proven satisfactory in the control of 
this parasite. Two dippings 24 to 28 days apart are necessary to 
eradicate sheep ticks. 


GENERAL REMARKS ON TREATMENT FOR PARASITES 


The treatment described in this discussion for the various species 
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of parasites are not the only treatments that are effective, but these 
have been tried, are simple, and have given results. Various books, 
circulars, and bulletins on sheep contain much material recommending 
nostrums, powders, salts, etc., that are to be administered by feeding. 
This looks like an easy method of administration, but if a little labor 
is put into the effort to control parasites as has been suggested in the 
foregoing discussion, the results will well repay for the extra work 
required. 

The West Virginia Farm Bureau has arranged with a wholesale 
drug firm to put up a carton of Copper Sulphate (bluestone) con- 
taining two one-ounce packages, as illustrated on this page. There 
are accurate directions in. the package for mixing and the proper 
dosage for sheep. These packages may be secured through the local 
county farm bureau, local druggist, or through the Animal Husbandry 
Extension Service of the College of Agriculture. 


In the treatment for stomach worms, some sheep owners have 
used a nicotine sulphate solution with good results. This preparation 
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has proved effective in the removal of stomach worms, but it has the 
disadvantage of being poisonous in the concentrated form. 


The nicotine sulphate (blackleaf 40) solution used for drench- 
ing is made by adding exactly one ounce of the Blackleaf 40 to one- 
half gallon of water. 


A nicotine solution prepared as here described and added to an 
equal amount of copper sulphate solution (1!4%) prepared as 
previously described may be used as a drench solution for stomach 
worms. 


The dosage for either the nicotine sulphate or nicotine sulphate 
and copper sulphate mixture is the same as previously given for copper 
sulphate. 


General Ailments 


LIP AND LEG ULCERATIONS 


Under the heading of lip and leg ulcerations may be grouped a 
number of diseases such as foot rot, necrotic dermatites (ulcerated 
skin) and necrotic stomatitis (ulcerated mouths), all of which are 
due to the same causative organisms. At least four forms of this 
disease may be recognized: 


Foot-rot Form. In the form of this disease, commonly known 
as foot-rot, the ulcers are located between the toes and around the 
coronet, sometimes involving the structures under the horny layer of 


the hoof. 

Sore-mouth Form. Inthe case of the sore-mouth form the ulcers 
are confined to the mouth, involving the lips, tongue or cheek. ‘This 
type is quite frequent in young lambs. 

Venereal Form. In the venereal form of the disease the ulcers 
located on the external genitals. 

Lip and Leg Form. In the lip and leg form, the ulcers are lo- 
cated on the legs and mouth. 

Frequently a combination of all forms are seen in one sheep. 
The foot-rot form is usually associated with wet seasons and muddy 
and often filthy yards. The water softens the tissues so that the spe- 
cific germs gain an entrance to the tissues. In the remaining three 
forms the infection usually takes place through small scratches and 
cuts on the skin and mucus membrane. 

The results from treatment of this disease by application of local 
antiseptics is very satisfactory if begun in time and applied energetical- 
ly. In the lip and leg, mouth, and venereal forms, the local applica- 
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of an ointment made by thoroughly mixing 


tion three times a week, 
med sulphur, and 100 parts vaseline or 


5 parts creolin, 10 parts subli 
lard, has rendered satisfactory results. 

In the foot-rot form, walking the sheep daily through a trough 
filled to the depth of six inches, with a 5 per cent bluestone solution 
has been found beneficial. Dipping the sheep in any of the recognized 
sheep dips is recommended for all forms of the disease after the local 


treatment has been carried out. 


INDIGESTION 


Several types of indigestion may occur in sheep. Two types 


only, impaction and bloating, need be discussed in this circular. 


Impaction. Impaction of the rumen (paunch) is usually the 
result of dietetic errors. It may be caused by feeding moldy and fer- 
mented food, frozen or frosted grass, over-ripe hay, coarse woody 
food, as wheat and rye straw, tree tops, etc., or by a lack of sufficient 
water to supply the necessary moisture for digestion and the body in 
general. Overtaxing the digestive capacity of certain individuals by 
feeding too much good food may also result in impaction. This oc- 
curs usually in the fattening yards, or in cases where the animals have 
gained access to grain bins. 


The symptoms of impaction are: The animal loses its appetite, 
stands apart from the flock, does not chew its cud, and has its feet 
drawn up under its body. The body appears a little more rounded 
than usual, with slight swelling of the left flank, which has a doughy 
feeling on pressure. There may be colicky pains which are indicated 
by restlessnss. Usually the animal is constipated, but occasionally 
there may be diarrhea. 


In treating impaction all food should be withheld for a day or 
two, and fresh water in liberal quantities provided. Salt should be 
given in the water to induce drinking. The abdomen over the left 
side and flank should be kneaded for fifteen minutes, four times, three 
hours apart. The animal should be given a mixture made of three 
tablespoonfuls of salt, one teaspoonful of ginger and enough molasses 
to make a paste. This may be given by smearing it on the back of 
the tongue. 


Bloating. In this form of indigestion, there is usually a rapid 
distention of the abdomen due to gas formed from the fermentation 
of the contents of the rumen (paunch). This condition often occurs 
in the spring of the year when sheep are first turned to pasture, and 
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in late summer when the sheep are changed from mature pastures to 
young immature second growth clover and alfalfa. 


Young, immature grass, clover, and alfalfa, especially when wet 
by rain or dew, is liable to cause bloating. Food which readily fer- 
ments, as potatoes, beets, and wilted or heated grass, are liable to 
cause bloating. Certain wild plants, as larkspur and certain lupines, 
may at times be responsible for this condition. Foreign bodies (choke) 
lodged in the esophagus may cause acute bloating. 


The symptoms are great distention of the abdomen, especially 
the left flank, restlessness, anxious expression, difficult breathing, etc. 

Treatment consists of kneading the abdomen as in impaction, 
elevating the front feet, and forcing the sheep to walk up a steep 
hill. Medicine plays only a very subordinate part in the treatment of 
bloating. One-half ounce of oil of turpentine in two ounces of raw 
linseed oil may be of some benefit in promoting belching. When the 
life of the sheep is threatened, more radical measures are justified in 
inserting a trocar into the rumen through the highest point of the 
swelling of the left flank and allowing the gas to escape. 


After the gas has escaped, a small dose of salts (2 to 4 oz.) or 
castor oil (2 to 4 oz.) should be given and the rumen kneaded long 
and well. 

Bloating can largely be prevented by using care in pasturing 
early in the spring or changing to second growth meadows in the fall. 
The sheep should be turned on the grass only for a short time each 
day until they have become adjusted to the new diet. They should 
not be turned out in the morning until after the dew is off, and turning 
to pasture after a shower should be avoided. 

Change of feed from poor pasture or dry feed to an abundant 
pasture should be made with caution. 
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A modern, well-planned dairy barn adds to the value and attractiveness of the dairy farm, 


Buildings and Equipment for the Dairy Farm 


The dairy industry in West Virginia has been growing very rap- 
idly in importance as a farm enterprise in the past few years. Farmers 
more and more are feeling the need for information and help in solving 
the problems incident to the housing and handling of the dairy herd, 
and the sanitary production of dairy products. Adequate housing 
facilities for the milking herd have a very important bearing on the 
production as well as on the health of the animals. 


In order that they may be an economically profitable investment, 
however, there are certain points which must be kept in mind in 
planning the dairy buildings. It is lack of consideration of these essen- 
tials in barn planning that has been largely responsible for the rather 
serious mistakes that have been made in the erection of many of the 
present structures. Oftentimes mistakes are recognized as such only 
after it is too late. In the case of any building, mistakes are very difh- 
cult to correct after the structure is finished. The time to eliminate 
errors in construction and arrangement is when the building is on 


paper. 


ESSENTIALS IN SUCCESSFUL BARN PLANNING 


The essential points which should be kept in mind in evolving a 
desirable and successful barn plan are convenience, sanitation, dura- 
bility and economy, warmth and ventilation, proper storage space, and 


appearance. 


Convenience 


The value of convenience in the interior arrangement of a barn 
is readily recognized. The various factors in the plan should be so 
arranged that the milking, cleaning, and feeding may be accomplished 
with a minimum expenditure of time and energy. Many hours of 

Acknowledgment is here made of the helpful suggestions received from Professor E. L. 


Anthony, head of the Dairy Husbandry Department, College of Agriculture, West Virginia 
University, in the preparation of this circular. 


4 


work in the barn are necessary, and with prevailing high prices for 
labor, even slight mistakes in interior arrangement may prove very 
costly over a period of time. In probably no other building on the 
farm do mistakes in planning make the tasks more irksome or cause 
greater hardships than in the dairy barn. The best way to arrive at 
a solution for this problem is to study the proposed plan very care- 
fully, compare it with plans which have been worked out in detail and 
actually tried, then make the necessary changes on paper before sub- 
mitting the final plan to the carpenter or contractor. 


Sanitation 


In the planning of a dairy barn the sanitary features of construc- 
tion deserve special attention. This is not only important from the 
standpoint of health and comfort of the animals, but since the products 
of the dairy are used for human food they should be produced under 
as sanitary conditions as possible. Adequate light, floors and walls 
that are easily kept clean, and a minimum of corners or ledges where 
dust and dirt may accumulate are all features of sanitation. Sanita- 
tion is also the best insurance against the spread of transmissible dis- 
eases. Provision for the proper handling and disposal of manure is 
also included in this feature. 


Durability and Economy 


The features of durability 
and economy are closely linked 
together. Durability and mini- 
mum upkeep at as low an initial 
cost as possible are wanted in 
any farm building. A some- 
what higher initial cost in con- 
struction should mean low up- 
keep, a longer period of use- 
fulness, and in the long run be 
considerably cheaper than ‘‘the 
cheapest at any cost’ type of 
construction. Since farm build- 
ings are erected for a period of 
years it is advisable to consider 

SE a OS a. the feature of economy from this 
The old type of stable construction has viewpoint rather than from the 


many unnecessary obstructions that make - ° seas 
proper sanitation difficult. viewpoint of initial cost only. 
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Warmth and Ventilation 


Warmth and ventilation have to do with the comfort and health 
of the animals in the barn, and are important from the standpoint of 
production as well. A system of ventilation is essential to supply the 
animals with the necessary fresh air and to aid in keeping the barn 
warm, dry, and free from foul odors. Condensed moisture on the 
walls and ceiling gives evidence of the need for ventilation. Ina prop- 
erly constructed and well ventilated barn the heat given off by the 
animals from their bodies is sufficient to keep the barn at a comfort- 
able temperature during the winter. 


A modern dairy barn designed to house a large herd. 


Proper Storage Space 


A common and often very serious mistake in the planning of 
buildings is the failure to provide adequate storage facilities for the 
necessary feed and supplies. The average cow consumes about one 
and one half tons of hay yearly. To store a ton of loose hay requires 
a storage space of 500 cubic feet. A ton of straw requires somewhat 
more storage space, and where straw is used, one ton per animal is 
necessary. A ton of sawdust occupies 144 cubic feet and a ton of 
baled shavings requires 160 cubic feet for storage. If sawdust is 
used, about one and one-half tons per animal are required. The 
quantity of shavings needed per animal is from one-half to three- 
fourths of a ton. A cow eats from three to five tons of silage yearly 
and one cubic foot of silage weighs forty pounds. (See silage table 


page 35). 
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The proper amount of storage space may be easily provided, if 
all details are carefully worked out on paper first. 


Appearance 
Since the dairy barn is one of the most costly buildings on the 
farm and will last a considerable period of time, its general appearance 
can be made to add much to the farm. It is just as easy to combine 
the essential features that have been mentioned in a building that is 
strikingly attractive in appearance as in an unsightly one. 

From the viewpoint of advertising, the appearance of the dairy 
barn means much to the dairyman. It is almost universally accepted 
by the public as an index of the success of the business, the quality of 
the products, the quality of the dairy herd, and the efficiency of the 
dairyman himself. A barn of pleasing appearance will also enhance 
the value of the farm and be a source of pride and satisfaction to the 


owner. 
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THE DAIRY BARN 


In Relation to the Farmstead 


The location of a particular building always brings up the ques- 
tion of farmstead planning. The present building arrangements on 
most farms are the result of accident rather than planning. The en- 
terprising farmer, however, will plan for the years to come and out- 
line the future building program for his farm in such a way as to make 
a convenient and sane arrangement eventually. 

Many farms are “‘overbuilt.’"” On the farm where the buildings 
are too large and too expensive, the upkeep is excessive. Such a 
condition always detracts from the selling value of the farm. 

Well planned buildings fit the farm and are located in such rela- 
tion to each other that the arrangement is not only sightly but con- 
venient. It is only by planning a development for the farmstead to 
be worked out over a leng period of years that the present haphazard 
building arrangement on farms can be changed to a pleasing and con- 
venient layout without undue cost. Figure | shows a well planned 
farmstead. 


Location 


In planning a dairy barn, its location should be chosen with ref- 
erence to the other buildings and pasture and feed lots. The barn 
can be located with reference to other buildings so that the work may 
be done with a minimum of time and travel; yet not so close as to 
seriously increase the fire risk. Every saving of 100 feet of unneces- 
sary travel in each trip to the barn means a saving of 14 miles of travel 
per year, thus showing that convenience in location is worthy of due 
consideration. 

If the barn can be located so that its long axis extends north and 
south a maximum amount of sunshine will pass through the barn dur- 
ing the day. This is of material aid in regulating barn temperatures. 

A well-drained site will prevent dampness in the barn and feed 
rooms, particularly, and tend to eliminate mud in the barn yard. 
Dampness in any barn, particularly a dairy barn is undesirable. In 
locating the barn, it will also prove of advantage to consider the loca- 
tion with reference to the water supply. 


Foundation and Floor 
The best construction material for foundations and floors is con- 


crete, because of its cheapness, durability, ease of construction, and 
sanitary features. The foundation should be at least ten inches thick, 
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have a good footing at the base, tapering to eight inches at the ground 
line, and run about eight inches even thickness on up to the top of 
the wall. The concrete should be carried up above the ground level 
one to two feet. Often the concrete wall is carried high enough so 
that the window frames are placed directly on top of the wall. (See 
illustration on this page.) This makes a wall back of the cows that is 
rat proof, is easily cleaned, and places the sill of the barn above the 
damp ground to prevent rotting. 


A good foundation will have proper footing and extend well 
below the frost line. For footings a 1-3-6 mix may be used. Rein- 
forced concrete requires at least a 1-2-4 mix. In floors where a finish 
course is to be applied, a 1-214.-5 mix is the common one for the first 
course. When a single course floor is to be laid a 1-2-3 or a 1-2-4 
mixture will be satisfactory. (By a 1-3-6 mix is meant one part of 
cement to three parts of sand to six parts of gravel.) 


Framing Construction 


The results of the study that has been made of farm building 
problems in the past few years are clearly evidenced in the evolution 
of the type and style of framing used for modern farm buildings. In 
the pioneer days of American agriculture, the structures, largely of 
necessity, were built from hand hewn timbers, and have given rise to 


The foundation should be carried well ab th i i i i 
framing placed directly on top of the wall. Bitar Liha Soma eat yo 
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A modern dairy barn under construction showing the method of framing. 


a type of framing that has persisted even to the present day. As may 
be seen from the illustrations of framing construction (Figures 2, 3, 
and 4) the old type of timber framing is wasteful of space and mater- 
ials, which at prevailing prices means unnecessary cost. 

In comparing the plank framing types of construction with the 
timber style of framing it may be noted that with plank framing the 
central portion of the barn is free from obstruction of any kind. This 
gives much more storage space and reduces the labor of storing and 
removing hay and straw. Less material is needed for plank frame 
construction than for timber framing. 

The two common types of roof framing, the ‘““Shawver truss’”’ and 
““braced-rafter,’” are shown in Figures 3 and 4. In the Shawver truss 
framing, a truss such as is shown in Figures 4 and 5 is placed in the 
construction every ten to fourteen feet. This gives a structure that is 
light yet extremely strong. 

With the braced-rafter framing, the kind of framing shown in 
Figure 3 is carried out on each set of four rafters throughout the 
entire length. If properly constructed, braced-rafter framing is strong, 
and gives more room than the truss framing. It also has the advantage 
of requiring less lumber in construction. 

Figure 6 shows typical side and end framing construction. 


The Stable 


HEIGHT 


The commonly accepted height for the dairy stable is from eight 
feet to eight feet and six inches. A height greater than this increases 
the difficulty of maintaining a proper temperature difference between 
the inside and outside air in cold weather. A stable lower than this 
increases the difficulty of carrying on the work in the stable as well 
as makes lighting a more difficult problem. 
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When carriers are used in the barn, a ceiling lower than eight 
feet and six inches is likely to cause difficulty, since the tracks must 
drop about six inches below the ceiling. With a low ceiling and a 
raised feed alley, the use of such labor saving devices would be in- 


convenient. 


WIDTH 


The dairy stable should not be designed to house more than two 
rows of cows, since this requires heavier framing, more expense, and 


Fig. 2—Timber barn framing. 
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makes lighting, storage, and ventilation difficult. For this reason, the 
width of the stable varies from 32 to 38 feet, depending upon individ- 
ual preferences and the interior arrangement. Figures 7, 8, 9, and 10 
illustrate typical dimensions for 32 and 36 foot barns with either 
“face-in’’ or “‘face-out’’ arrangement. Varying types of mangers, 
stalls, and stall floors are also shown. 


Where the cows face in it will be noted that the alleyway behind 
them is made as nearly five feet in width as possible, and this dimen- 
sion should be considered as a standard one under the conditions 
named. This gives needed width to the alley preventing crowding 
and possible injury, and is also a sanitary feature, in that it prevents 
the walls from becoming fouled with manure. 


Fig. 3.—Braced-rafter framing. 
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ARRANGEMENT 


The most economical arrangement of cows in the stable is in a 
double row. This is true for convenience in feeding, cleaning, milking, 
efficient utilization of floor space and doing general barn work. There 
are two arrangements, however, commonly referred to as the *“face-in”’ 
and ‘‘face-out’” arrangements. Which one the dairyman chooses will 
depend largely on the type of dairying he is practicing and upon his 


personal preference. 


Fig. 4.—Shawver truss framing. 
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Fig. 8.—Cross section of a 32-foot barn with “face-in” arrangement. 


The advantages commonly offered for the face-in arrangement 


1.—More time is spent in feeding than in cleaning, and the 
cows may be fed from one alley. 

2.—Sunlight on the gutter has a beneficial sanitary effect. 

3.—There is better light for milking. 

4.—Ventilating system is more easily installed. 

5.—There is less confusion in letting cows in and out. 

6.—Supporting posts can be placed more conveniently. 


The advantages given for the face-out arrangement are: 

1.—Manure may be cleaned from one alley directly into 
manure spreader or manure carrier. 

2.—More work is done behind the cows than in front. 

3.—Sunlight on manger aids in manger sanitation. 

4,—Livestock on display looks better from the rear. 
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5.—Cows do not have to be separated for entrance into 
the barn. 

6.—There is less danger of spread of disease. 

7.—Walls not as likely to become dirty. 


The most important factor to be considered in interior arrange- 
ment is convenience. Whether the dairyman chooses the ‘‘face-in”’ or 
the ‘‘face-out’” arrangement, should depend upon which arrangement 
makes the most economical utilization of labor, the type of dairying 
practiced, and the dairyman’s own personal preference. 


THE STALL 


Because of the varying sizes of the individual animals within the 
breed, and the differences in size among the breeds, it is impossible 
to give any standard stall dimensions. After measuring 100 individ- 
uals and taking careful observations on 1,000 more in various states, 
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Fig. 9.—Cross section of a 36-foot barn with “face-out” arrangement. 


SLOPE 7” 
ope Se tee 


ie ee Pee ee 


Fig. 10.—Cross section of a 36-foot barn with “face-in” arrangement. 
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The interior of a modern dairy barn is free from unnecessary obstructions, well 
lighted and ventilated, and easily kept in a sanitary condition. Compare with arrange- 
ment shown in the picture on page 4. The barn shows the “face-in” arrangement. 


the following table was prepared by M. A. R. Kelley, United States 
Department of Agriculture, and presented before the American So- 
ciety of Agricultural Engineers as evidence bearing upon this problem. 


TABLE 1.—-Platform Dimensions for Cow Stalls. 


are wiath ee LENGTH OF PLATFORM 

tall Small Medium Large 

Flolsteins- 2. - 3'6"-4'0” | 4’-10” Dion | 5'-8” 
Shorthorn ... 3'6"-40" 4.8” 57-0” 5-6" 
Ayrshire _.. BYO 029.18) 4’-6” Die ON 57-6” 
Guernsey 5142316" 4’-6” 4’-10” Beau, 
ersey ...... 3°4"-3'6" 4'.4” 4’-8” 57-0” 
letersi 7 IL ASU IGH 328% Bel" 4’-2” 


18 


*u0IZINAYsSUOD [Te}S JO spIeyeq— II “S14 


YOOTS FLIVINOD © 


pnaoee . SORT 
eee St eNea en ae here ge ne 
z . vo 


Re PR le wie Oli he Soe p le! 


As ba 


Ad fav 
SALLI 


19 


The average width of stall and the one most commonly used is 
3 feet and 6 inches. For milk cows it should not be less than this be- 
cause of the danger of udder injury and lack of room for milking. 

The length of the stall is even a more variable quantity. The 
best plan is to make the platform long enough to accommodate com- 
fortably the breed kept and then by the use of adjustable stanchions 
regulate the length for the individual animals. In almost every case 
in modern construction, iron pipe has replaced wood for use in 
stanchions and stall partitions. Stall partitions are always desirable 
but the old type wooden partition is bulky, unsightly, and unsanitary. 
(See illustration on page 29). 

The concrete stall platform, roughened sufficiently to give good 
footing and prevent slipping, will tend to prevent injury. Sometimes 
a depression of one inch extending back from the curb sixteen inches 
to eighteen inches is left in the platform. This allows the cow to 
stand on the level and also aids in keeping the bedding in the stall. 
(See Figure 11). Where cork brick or wood blocks are used on the 
stall platform, there is added comfort for the cow, since the wood 
floor is considerably warmer than concrete, and somewhat easier to 
stand on. 

THE MANGER 


Because of the large number of manufacturers of dairy equipment 
in the United States and the comparatively large number of types of 
mangers which were in existence, differing only in minor details to 
make them individualistic, the American Society of Agricultural En- 
gineers made a definite effort to standardize manger forms. This re- 
sulted in the adoption of the standard manger types shown in Figure 


h2: 

The essentials of a good manger as set forth by the society are: 

1.—All corners should be round to facilitate cleaning. 

2.—The manger should be free from cracks and crevices. 

3._The surface of the manger should be smooth. 

4.—Continuous mangers are preferable, as they are easier to 
clean and easier to construct. 

5.—Mangers should have drains with sufficient slope to 
drain well. A slope of 1'% to 2 inches in 100 feet is 
sufficient. Drains installed so that they may be easily 
cleaned are preferable. 

6. Concrete manger divisions are not desirable, as there 
are too many corners to keep clean. 

7.—Manger divisions should be removable or hinged to aid 
in cleaning. 

8.—The width of the manger should not be less than 24 and 
preferably 30 or 32 inches. 
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9.—The bottom of the manger should be | to 2 inches high- 

er than platforms on which the cows stand. 

10.—The curb should never be less than 6 inches higher than 
than bottom of the manger. 

11.—The width of the curb may be 4 inches, if not over 7 
inches high; 5 inches or more wide, if a built-up curb is 
used; and six inches wide when the supporting columns 
are in line with the stanchions. The height of the 
manger front is preferably 24 and never more than 30 
inches. 

12.—Curved manger bottoms concentrate feed and save 
water when used for watering. 


There are enough types of mangers shown in the standard forms 
adopted that the dairyman may choose the one best suited to his con- 
ditions. If the type shown in Figure 12 with a width of 20 inches is 
used, it should always be used with a raised feeding ally as indicated 


by the dotted lines. 
THE GUTTER 


Various types of gutters have been used in the past in dairy barn 
construction. The type of gutter used is more important than would 
seem at first thought, since it has an important bearing on the sanita- 
tion of the barn. A gutter must be not only sanitary, but safe as well. 
It should not be so wide as to tempt the cow to jump across nor so 
deep as to make it difficult for the cow to get out of the stall. 


Fig. 12.—Standard manger details. 
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The best gutter width is 16 to 18 inches, and the depth ought 
always to be at least 6 inches. A shovel the same width as the gutter 
will make cleaning easy. This is an argument for the 16 to 18-inch 
gutter, since a shovel large enough to fit wider gutters is cumbersome, 
unwieldy, and heavy to handle when filled. It is desirable that the 
litter alley be lower than the stall floor, thus making it. much easier 
for the cow to back out of the stall. A slope of one inch to 40 feet 
is sufficient for the gutter to drain well. The bedding will absorb 
most of the liquid manure but drains will be needed for such drainage 
as may be necessary and to facilitate washing out the gutters with 
water. WINDOWS 


There are two methods of determining the glass area necessary 
to give proper light in the dairy stable. One method, commonly in 
use, is to allow 4 square feet of glass area per cow. ‘The other is to 
allow | square foot of glass area for every 25 square feet of floor 
space. The choice of which method to use is often governed by local 
ordinance requirements. The windows should be as evenly distributed 
throughout the barn as possible in order to give light in all parts of 
the stable. This arrangement also adds to the exterior appearance. 
Practically all ordinances for the production of ““A’’ grade milk re- 
quire four square feet of glass area per cow. 

An excessive amount of window space in the stable makes tem- 
perature regulation difficult. 

The windows are often placed so low that cows in crowding each 
other or ‘in fighting flies will break the glass. Also, windows that are 
placed too low in the wall do not give a desirable distribution of light 
in the center of the barn. 

The common type of window used is the single sash, hinged at 
the bottom so that it may be opened from the top and thus prevent 
direct drafts. A six or nine-light sash is commonly used, with glass 
ranging from 8 by 12 to 9 by 14 inches. Sometimes a six-light sash 
is used, with 8 by 12 inch glass. The advantages offered for its use 
are: (1) It has just the glass area required per cow (4 sq. ft.); (2) 
It will fit between the studding without cutting them. 

Where a sash of such size is used one window for each cow 
housed will be sufficient. 

Where single sash windows opening from the top are used, some 
effective type of window stop will be necessary. Where only chain 
and hook are used, broken windows are a very common occurrence. 

WALLS 


A tight wall construction is essential to a successful ventilating 
system and control of barn temperatures. As has been stated, the con- 


Ze 


crete wall is often carried above the floor level at least one to three 
feet; the latter figure where cows face in. A-good wall construction will 
be tight and warm. Probably the best wall construction is as follows 
from outside to inside in order: siding, building paper, sheathing, 
studding, and matched ceiling throughout. Metal lath and concrete 
slaster may be used instead of the ceiling where desired. 


VENTILATION 


The purposes of ventilation in a barn are to provide fresh or 
pure air for the animals to breathe, to remove the foul air from the 
stable, to remove moisture given off in breathing, to prevent foul 
odors, and to assist in regulating barn temperatures. A cow breathes 
large quantities of air each day, and gives off considerable moisture 
in addition to carbon dioxide. This, if allowed to collect on the 
walls, causes dampness and increases the danger of colds and pneu- 
monia. Ventilation, therefore, in addition to providing fresh air aids 


in keeping the barn dry and warm. 


Interior view of braced-rafter roof framin howi i 
/ r g, showing metal outtake flues - 
tion which are part of the ventilating system. ( S Sena 
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There are two types of ventilating systems commonly in use in 
dairy barns. One is called the Rutherford system; the other, the King 
system. The King system or some modification of it is the more 
commonly used in the United States. In this system the fresh air in- 
lets open at or near the ceiling and the foul air out-takes open near 


the floor (See Figure 13). 


FOUL AIR DUCT 


Fig. 13.—Diagram of barn ventilation showing inlet and outtake flues. 
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Flues properly constructed and insulated are necessary to have 
the system operate successfully. Outtake flues are generally con- 
structed of wood with two thicknesses of matched lumber and build- 
ing paper between. The flues, if placed inside the line of the studding 
and rafters, will be warm enough to function properly. Several firms 
are manufacturing metal flues which work satisfactorily. 

Good ventilation requires many more inlet than outtake flues 
evenly distributed throughout the stable. One outtake every 30 to 
35 feet is sufficient. The total area of the inlets should be slightly 
greater than the total area of the outtake flues. For the system to 
operate properly it is necessary that all other openings in the barn be 
closed. 

Prof. F. L. Fairbanks of Cornell University, who has recently 
made extensive tests on dairy stable ventilation says: ‘‘We do not 
know definitely that so-called ‘adequate ventilation’ increases milk 
flow or improves the health of the cow. We do know, however, the 
engineering requirement for moisture removal while maintaining stable 
conditions that are permissable. | believe that good air in the dairy 
stable does have a decided influence on the health and production of 
the animals, and I hope that in due time veterinary medicine, animal 
husbandry, dairy industry, and Se will join hands with agricul- 
tural engineering to prove this point.’ 

Practically all ordinances require at present, however, an air 
capacity in the stable equivalent to 500 cubic feet per cow. 

That so many ventilating systems in the past have been unsatis- 
factory, has been due to the fact that the systems have not been care- 
fully worked out and the flues properly constructed and insulated. 


FLOOR PLANS 


Each dairy barn needs individual consideration since each pre- 
sents so many different problems. This is because the size and plan 
of the barn depend upon so many factors, all of which are variable 
on different farms. For this reason, no one plan or set of plans can 
be devised to meet all needs. The plans shown in Figures 14, 15, and 
16 indicate good interior arrangement and conform with the dimen- 
sions and essentials of construction which have been discussed. It is 
very probable, that with light modification, these plans will meet the 
needs of many farmers interested in dairy barn construction. If help 
or information, additional to that herein-contained, is desired by any- 
one considering the building or remodeling of a dairy barn, it may be 


obtained by writing to the College of Agriculture, Morgantown, West 
Virginia. 


*Agricultural Engineering Journal A. S. A. E., Vol. 8, No. 2, Feb. 1927, p. 34. 
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THE MILK HOUSE 


In the production of clean milk, some type of milk house, prop- 
erly located with reference to the stable, is essential. Milk should be 
cooled as soon as possible after milking, and be kept at a low temper- 
ature until delivery to the creamery. Then, too, the milk house 
makes it possible to handle the milk entirely away from the dust and 
odors of the barn. Milk handled in this way is likely to have a low 
bacterial count. 


If the milk house is attached to the barn, it should be separated 
from it by double doors, both of which should be kept closed. Many 
ordinances require that the milk house be entirely separated from 
the barn a specified distance. For convenience, however, the milk 
house should be located as near the barn as existing ordinances and 
proper sanitation will permit. Local ordinances vary somewhat and 
it is always advisable to consult the local ordinance before locating 
and constructing the milk house. 


The standard ordinance governing milk houses, published by the 
United States Public Health Bureau is as follows: “‘Milk house or 
room—Construction: ‘There shall be provided a separate milk house 
or milk room for the handling and storage of milk and the washing 


A desirable type milk house which is connected to the barn by only a passage way. 
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The all-too-common type of dairy stable or barn which makes milk ordinances nec- 
essary. 


and sterilizing of milk apparatus and utensils, provided with a tight 
floor constructed of concrete or other impervious material and graded 
to provide proper drainage. The walls and ceilings of the milk house 
or room shall be of such construction as to permit easy cleaning and 
shall be painted at least once each year or finished in a manner ap- 
proved by the health officer. The milk house or room shall be well 
lighted and ventilated and all openings effectively screened to pre- 
vent the entrance of flies, and shall be used for no other purpose than 
the handling and storage of milk and milk products and other opera- 
tions incident thereto. The cleaning and other operations shall be so 
located and conducted as to prevent any contamination from one to 
the other. The milk room shall not open directly into the barn or 
into any room used for sleeping or domestic purposes. 

“Cleanliness and Flies. The floors, walls, ceilings, and equipment 
of the milk room shall be kept clean at all times. All means necessary 
for the elimination of flies shall be used.”’ 


The Clarksburg ordinance is a good example of the type of 
ordinance now in effect in West Virginia cities. It reads: 

“The building or milk house in which milk is cooled, strained or 
bottled, or pastuerized, or handled for sale must have an area way 
between it and any stable, barn, kitchen, or living room, or house, 
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and this area way must be controlled by two doors. It is desirable that 
the milk house be separated from the stable and on opposite side from 
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manure pits or drains and except by spe- 
cial permission by the Physician, no water 
closet, privy, garbage heap, or manure 
heap may be maintained within one hun- 
dred feet of such milk house or room, and 
this milk room shall not be used for any 
other purpose. 


“The milk house shall have a non- 
absorbent floor and smooth tight walls 
and ceiling. It shall be provided with 
screens at all windows and doors for pro- 
tection from flies. It shall be free from 
dust and objectionable odors and must be 
kept clean and tidy at all times.” 

Figure 17 shows a plan for a milk 
house 14 by 16 feet with heater and wash 
room effectively separated from the cool- 
ing room. The cooling vat shown assumes 


the use of spring water for cooling. 


(2OGS manOG 
Fig. 18.—Details of the milk cooling vat shown in Figures 17 and 19. 
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The details of the cooling vat shown in Figures 17 and 19 are given 
in Figure 18. The watering trough shown in Figure 17 is merely a 
suggestive use for overflow water. 

Figure 19 shows a small, single room milk house adapted to 
smaller dairies and general farms. This milk house, if properly con- 
structed, meets sanitary requirements and is relatively inexpensive. 

In case the farmer wants a very simple and inexpensive method 
of cooling small quantities of milk or cream, a barrel cooler of the 
type shown in Figure 20 works satisfactorily. This type of cooler is 
adapted for use by the small producer, and should not be considered 
as a satisfactory substitute for the milk house, where milk is produced 
in quantities sufficient to be marketed as whole milk. 


CLOSET 


COOLER 


f 


Fig. 19.—Plan for a small, single-room milk house. 
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Fig. 20.—Barrel cooler for small quantities of milk or cream. 


THE SILO 


The value of silage for feeding dairy cows lies in its palatability, 
succulence, and general food value. Where animals are fed as in- 
tensively as dairy cows are for production, a feed such as silage is 
necessary to keep the cow in good physical condition. Silage is 
not only the best substitute for pasture, but is also the cheapest. The 
growth of the use of the silo in dairy and livestock farming is ample 
evidence of the increasing recognition of the value of silage for feed. 

Silos of the following types are now commonly in use: mono- 
lithic concrete, concrete staves, concrete block, woodhoop, brick, tile, 
wood stave, and trench or underground silos. 

The essentials of a good silo are: 


1.—An impervious wall. That is, a wall which will exclude air 
and retain the moisture in the silage. 

2.—A smooth inner surface so that the silage will settle uni- 
formly. 

3.—Sufficient strength to withstand wind pressure from without, 
and the pressure of the silage from within. 

The best location for a silo is a place where a solid and durable 
foundation can be obtained. It is also to advantage to select as 
sheltered a location as possible for the silo and to provide some effec- 
tive type of cover. Convenience of location from the standpoint of 
feeding is, however, of primary importance. 
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The foundation may be laid off as shown in Figure 21. It should 
be at least eight inches in thickness with proper footing. It is difficult 
to lift the silage from a pit more than two to four feet below the 
surface. The foundation footing should extend twelve to eighteen 
inches below the bottom of the pit, and the wall should extend far 
enough above the surface of the ground to prevent rotting, in case of 


Fig. 21.—Method of laying out silo foundation. 


a wooden silo. An offset in the wall on the inside where silo and 
foundation walls meet interferes with proper settling and causes 
poilage. 


The concrete foundation of a 1-2-4 mixture, properly spaded 
in the forms makes a good impervious wall. A tile drain laid to carry 
off liquids from the silo will remove some pressure and prevent spoil- 
age. A trap may be set in the concrete floor. 


If properly constructed, a silo built from any of the materials 
mentioned will preserve silage satisfactorily. The best plan seems to 
be to construct a silo of a diameter such that two or three inches of 
silage may be removed for each day's feeding. In this way a min- 
imum of spoiling occurs. 


A tall silo permits the better settling of the silage and results in a 
towered percentage of loss through spoiling. There is a tendency to 
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TABLE 2.—Sizes and Capacities of Silos. 


Number of | Number of | Number of |Number of 

: : Steers Eat- | Steers Eat- [Cows Eating |Cows Eat- 

Inside Height Capacity ing 20 lb ing 20 Ib 40 tb per ing 40 Ib 

Diameter in Tons per Day for| per Day for | Day for 180 |Per Day for 

180 Days 240 Daye Days 240 Days 
10 20 3))) 16 1e2 8 6 
10 22 33 18 14 9 7 
10 24 Swi | 20 16 10 8 
10 26 40 ae 18 II 9 
10 28 44 24 20 12 10 
10 30 47 26 22 13 11 
10 52 P| 28 24 14 12 
10 34 56 a2 26 16 13 
10 36 61 34 28 il 7/ 14 
12 24 55 | 30 Zw, 5 11 
12 26 58 | 52 24 16 12 
12 28 63 34 26 17 13 
12 30 68 38 28 19 14 
12 52 74 | 40 30 20 15 
12 34 80 44 34 BD 17 
eZ 36 87 48 36 24 18 
2 38 94 52 38 26 19 
14 28 86 46 34 23 | 7/ 
14 30 o2 50 38 2D 19 
14 52 100 ay 42 26 21 
14 34 109 60 46 30 7433 
14 36 118 | 66 50 33. 2S) 
14 38 128 | TZ 54 36 ah 
14 40 138 76 58 38 Zo 
14 42 148 80 62 40 3] 
16 30 120 66 50 33 2S) 
16 a2 13] Ld 54 36 27 
16 34 143 80 60 40 30 
16 36 155 86 66 43 33 
16 38 167 WZ 70 46 5)5) 
16 40 180 102 76 51 38 
16 42 193 108 80 54 40 
16 44 207 116 88 | 58 44 
18 36 196 110 82 55) 40 
18 38 PRN \G2 118 88 5 44 
18 40 WHS) 128 96 64 48 
18 42 246 136 102 | 68 5] 
18 44 264 146 110 73 55 
18 46 282 156 118 78 a9 
18 48 298 166 126 83 63 
18 50 316 176 130 88 65 
20 36 243 134 102 68 51 
20 38 254 142 106 71 DS) 
20 40 281 160 120 80 60 
20 42 300 | 168 126 84 63 
20 44 320 182 134 o), 68 
20 46 340 188 142 94 71 
20 48 361 208 146 104 143} 
20 50 382 22 150 106 i) 
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take care of larger quantities of silage by increasing the height of silos 
rather than the diameter. If a sufficient capacity cannot be obtained 
in a silo of fair diameter and a height of 36 to 40 feet, it is better to 
build two silos than one too large in diameter. A very good practice 
with large dairies is to build one large and one small silo, use the 
silage from the larger silo for winter feeding and the silage from the 
smaller one for summer feeding. 
Table 2 shows the capacities of silos of various sizes. 


The wood stave silo is still most commonly found although it is 
being replaced to some extent by the more durable masonry silos. 
The wood stave silo owes its popularity to the fact that it combines 
the essential desirable features of a silo, with comparatively low initial 
cost. 

Wood silos are especially adaptable for tenant dairymen, since 
such silos may be moved, if necessary, without great difficulty. For 
the dairyman who is permanently located, however, some type of 
masonry silo is probably the most economical investment in the long 
run. The appearance and advertising value for the farm of such a 
silo is also in its favor. 

The vitrefied tile silo is becoming very popular on farms where 
permanence is desired. It has several points which recommend it, 
among which may be mentioned the following: it is durable, easily 
constructed, neat appearing, and acid proof. 


MANURE DISPOSAL 


The value of stable manure in helping to maintain the fertility of 
the soil is generally recognized. The waste occasioned through leach- 
ing or seepage and heating in the heap is a loss which the farmer can- 
not afford to overlook. From the viewpoint of sanitation in and about 
the dairy stable, little discussion is necessary to show the danger of 
allowing manure accumulations to remain. 


City ordinances usually govern the conditions under which milk 
is retailed within city limits, and the conditions under which it is pro- 
duced, including the proper disposal of manure accumulations. Cities 
more and more are taking an active part in such problems through 
legislation. The ordinance of the City of of Clarksburg states: 
“Manure shall be removed from the stable twice a day, to a distance 
at least 50 feet from the stable and from the source of water supply 
used for washing milk vessels and for other purposes about the milk 
house. The place or places at which manure is deposited shall be 
approved by the dairy inspector.” 
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A concrete manure pit helps to conserve valuable plant food. 


The growth in knowledge as to the value of all the fertilizing 
elements in manure, and the need for sanitary methods, if clean milk 
is to be produced, has brought about the adoption of safe and profit- 
able methods of caring for the droppings in the stable. Probably the 
best of these is an arrangement whereby the manure may be emptied 
directly into the spreader and hauled and spread on the fields as soon 
as the spreader becomes full. 


Many progressive dairymen, however, prefer to haul out manure 
in the slack season when they can thus use their labor to best advan- 
tage. In order to do this concrete manure pits are constructed into 
hich the manure is placed until such time as it can be hauled to the 
fields. The concrete pit prevents seepage of liquids from the manure, 
and in a covered concrete pit, manure retains a much higher percent- 
age of its fertilizing value than when thrown in a heap in the open. 

A manure pit is not excessively expensive and it is certain that the 
returns on the investment in increased fertilizing value of the manure, 
in sanitation about the stable, and in the cleanliness of the milk pro- 
duced, warrant it. (See Figure 22.) 

There is still need for study as to the proper location of the 
manure pit with reference to handling the manure, economy of labor, 


elimination of odors, etc. 


38 


s i i? | 
ro RETAN Liavios, ft 4 ; 
= | ox 
POST 6 +6.4-6 WVEWAY AND SHED /’ 


SERN CONCRETE 517 FOR MANUQE SDREADER 


| fee =e re i ip : 
| tal \ 


i) 
\ \! WW, ON 
\ i| a \ 
\ 1 i ae ee 
2 seeanak = (ry = 25-5 i fe - 
Naat ‘ \ | 
ee \ | 
\i! r 
ie eee 
; | Ne 
: 6-8" —— 6-8° —— 6-68" = 
i) 1 | 
L ss : 
1 
Ss wes = 
S74 pe es ete at 
| | eee | | F i | | | 
 S | | | 
Se | 


Por, || ease teste ees nA Wh | [est habe te Satie pc cislm so to cane aberrant 
“ ae : mt thul easel IAAT ea = Sy See ree Z : = : fT Es 
END VIEW S/DE V/EW 
Fig. 22.—Plan for a concrete manure shed or pit. 


THE SAFETY BULL PEN 


The tendency of dairymen to keep bulls until two or three years 
of age and then dispose of them is not a good policy from the stand- 
point of breeding dairy cattle. A sire of good breeding, with ancestors 
of proven worth, is a great asset in building up a herd. One cannot 
breed up the best herd if he disposes of his bull before it has reached 
the time in life when its true value as a sire can be demonstrated. 

In order to encourage dairymen to keep their bulls longer and 
thereby build up their herds properly, a safety bull pen, such as is 
shown in Figure 23, is suggested. With this pen there need be little 
handling, and by feeding the bull and opening the door from the feed 
alleyway, no danger is encountered. A ‘‘sneak’’ may be provided in 
the front of the pen by leaving one of the fence bars out. This makes 
it possible for a person to get out of the pen very quickly without 
having to open the gate, and at the same time does not materially 
weaken the pen. 

The operation of the gate behind the breeding rack makes it 
possible to take care of breeding with practically no handling. After 
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service, the bull may be forced from the breeding pen by pushing the 
gate over toward the bull pen. 

Such a pen is desirable for all bulls, and becomes necessary when 
a bull becomes dangerous, as otherwise, even though he is a highly 
bred and desirable sire, he will have to be disposed of before the 
influence of his breeding is shown in the herd. 


MINOR EQUIPMENT 
The Breeding Rack 


The breeding rack is an important item of equipment on the 
dairy farm. Its use makes it possible to breed small heifers or cows 
to heavy bulls, or large cows to small bulls. The breeding rack, as 
may be seen from Figure 24, is easily constructed and costs very 
little. On most farms there is enough material lying around to make 
a very satisfactory rack of this description. The cost of raising a 
heifer until it enters the herd is considerable, and the use of the 
breeding rack eliminates much of the risk of injury that might other- 
wise result. The rack should be located conveniently near the barn 
and bull pen. 
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Fig. 23.—Plan showing the details of a safety bull pen. 
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DETAIL OF CONSTRUCTION Sf SIDE 
FLOOR PLANKS 9’ LONG, FRONT POSTS 4, 
REAR POSTS 14 


TOP VIEW 


Fig. 24.—Showing the construction and details of the breeding rack. 


Cattle Stocks 


The device shown in Figure 25 often saves much difficulty and 
prevents possible injury in handling animals for purposes of dehorning, 
trimming hoofs, and general treatment. It is common practice to 
throw the animals in trimming the hoofs, but there is always an at- 
tending possibility of injury. The use of the stocks eliminates this 
danger, especially where valuable animals are being handled. 


A canvas sling attaches to the rollers and passes under the bar- 
rel of the animal. With this device the animal is lifted gently from 
its feet, making it possible to trim the hoofs quickly and effectively, or 
administer other types of treatment. 


4] 


0ST. 44x 6°6" 
ROLLER 
HOOKS FOR SWING 


ADJUSTABLE STANCH/OW- 


4%4° SILLS 
CONCRETE BASE 


Fig. 25.—Cattle stocks constructed as shown above have proved very satisfactory: 


A Home-Made Milk Cart 


Where the cooling vat or milk house is some distance from the 
barn, or where milk is transported from the milk house to a loading 
platform at the road, some type of cart for transportation often saves 
the time of hitching and unhitching a horse for the purpose of hauling 
the milk these short distances. 


A cart such as is shown in Figure 26 is a very handy article of 
equipment, and is easily constructed. The axle is placed in such a 
way that most of the weight of the load may be set forward of it. In 
this way, when the handle is lifted so that the front supports clear the 
ground, the weight of the cans will carry the cart along on level 


ground. 


AXLE 


z 


Fig. 26.—A simple, home-made cart. 


A common type of roadside loading platform that is unattractive and does not afford 
protection for the milk. Compare with Figure 27. 
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A Roadside Loading Platform 


Most of the roadside platforms from which milk is collected by 
truck are crude and even ramshackle affairs. A neat roadside plat- 
form, well constructed, and furnishing the proper shade for the milk 
while awaiting collection, has a practical, advertising, and aesthetic 
value. The farm name may be attached to the platform if desired. 

A loading platform of the type shown in Figure 27 would be a 
great improvement over the common type of platform in use, and its 
comparative value from the standpoint of appearance and advertising 
is apparent. The cost of making this improvement is nominal. 


A Shipping Crate for Calves 


In shipping a valuable animal possible damage will be overcome 
by use of a crate constructed to withstand the strains of handling and 
shipping. Many times crates are so carelessly put together that it 
makes handling on the road very difficult and increases the possibility 
of injury to the animal. 

A crate such as is shown in Figure 28 may be constructed to fit 
the animal to be shipped, will stand considerable handling, and is as 
easily constructed as a crate which is merely ‘‘knocked together.” 


DIMENSION TO FIT 
AMIMAL TO BE SHIPPED 


SIDE V/EW WIEW 


Fig. 28.—Method of constructing a satisfactory shipping crate. 
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ESTIMATING 


Excavation 


Multiply the length of the excavation by the width and depth in 
feet and divide by 27. This will give the dirt to be removed in terms 
of cubic yards. 


Concrete 


For foundations and floors the amounts of materials needed may 


be determined from Table 3. 


TABLE 3.—Quantities of Materials Needed in Concrete Construction. * 
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*Portland Cement Association. 


Example: How much cement, sand, and pebbles will be re- 


quired to build a feeding floor 30 by 24 feet, 5 inches thick? 


Multiplying the area (30 by 24) by the thickness in feet (,% ft.) 
gives 300 cubic feet, and dividing this by 27 gives 111+ cubic yards 
as the required volume of concrete. A one-course floor should be of 
1:2:3 mixture. The table shows that each cubic yard of this mixture 
requires 7 sacks of cement, 14 cubic feet of sand, and 21 cubic feet 
of gravel or stone. Multiplying these quantities by the number of 
cubic yards required (11+) gives the quantities of material required 
(eliminating fractions) as 78 sacks of cement, 156 cubic feet of sand, 
and 233 cubic feet of pebbles or stone. As there are 4 sacks of cement 
in a barrel, and 27 cubic feet of sand or pebbles in a cubic yard, it 
will require a little less than 20 barrels of cement, 6 cubic yards of 
sand, and 9 cubic yards of pebbles or stone. 
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Sills, Joists, Studding, and Rafters 


In figuring the quantity of materials needed for sills, determine 
the linear measurements of the sills and from their size determine the 
number of board feet needed. Do the same for all floor joists, studding, 
and plates. In figuring the studding no deduction need be made for 
any wall openings. The total length of the rafters and the number 
may be determined and figured as the other materials mentioned. 

To determine the number of board-feet in a piece of timber 
multiply the width of the piece in inches by the thickness in inches by 
the length in feet and divide by 12. For example, a piece 2 inches 
thick, 12 inches wide, and 12 feet long contains 24 board feet, cal- 
culated as follows: 


Width (12”) Thickness (2”) Length (127) - 
inn ae) hee ae a | 


24 


Lumber commonly carried in stock comes in even lengths rang- 
ing between ten and twenty feet. Short lengths have a reduced sale 
value. Lumber for casings and trim is sold by the board-foot also, 
except moldings which are sold by the linear foot. 


Flooring, Ceiling, Siding, Sheathing 


In estimating the quantity of flooring needed, determine the num- 
ber of square feet in the floor, including openings as though they were 
not present, and for three inch wide flooring add 4 for waste and 
matching. For wider flooring add from 3} to + instead of 4. Ceiling 
for the stable is estimated in the same way as flooring. 

To determine the amount of siding needed, calculate the total 
wall surface in square feet and add 3 if siding is laid four inches to 
the weather. If laid 44 inches or more, add from 3 to 2. 

For common sheathing laid horizontally, figure the areas to be 
covered as though no opening existed, and add ;\, to the area to allow 
for waste. If the sheathing is laid diagonally, add + to the total area. 

For tight sheathing laid horizontally, add 4 for 6-inch boards, + 
for 8-inch boards, and + for 10-inch boards. If laid diagonally, 
add 4 for 6-inch boards, % for 8-inch boards, and 4 for 10-inch 
boards. 


Windows and Doors 


Windows are ordered by specifying the kind, as single sash or 


double sash, and by giving the number and size of the glass in each 
sash. 
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Doors are ordered in much the same way, by giving the size, 
thickness, and number of panels desired. ~The common thickness for 
doors is |} inches, and they may be obtained in either A or B quality. 


Roofing 


When shingles are laid four inches to the weather, 1,000 shingles 
will cover 100 square feet. Roll roofing contains enough material in 
each roll to cover 100 square feet. In the case of asphalt shingles, 
laid four inches to the weather, four bunches will cover 100 square 
feet. 
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ROTATION REMINDERS 


1.—The best farms in West Virginia have well-planned 
crop rotations. 


2.—Crop rotation is only one of the several factors 
of good farm practice necessary for profitable crop pro- 
duction... It is, however, the first essential. 


3.—Rotations increase farm profits in two ways: first 
through increased yield, and second through better farm 
organization. 


4.—Due to the wide variation in types of farming, 
topography, climate, and crops grown in West Virginia, 
nearly every farm becomes a separate problem and requires 
individual consideration in determining the proper rotation. 
This accounts to a large extent for the many farms where 
definite rotations have not been adopted. 


5.—There are five essentials in a good crop rotation. 
It should provide for: 


(a) Crops adapted to the soil type, topography, and 
climate. 


(b) Crops adapted to the type of farming. 


(c) Crops from the four main groups: cultivated, 
legume, small grain, and sod crops. 


(d) A sequence of crops conducive to high yields 
and economic production. 


The proper application of lime, manure, and 
fertilizer. 


Crop Rotations for West Virginia 


Crop Rotation Defined 


A careful examination of the farm practices followed on the more profitable 
farms in West Virginia shows that the operators of these farms use a well- 
planned crop rotation. They have a regular order of carefully chosen crops 
which occur in the proper sequence and at regular intervals on the same land, 
during a period of years. For example, if the rotation is corn, soybeans, wheat, 
and clover, corn will occur on a certain field the first year and then every 
fourth year thereafter. Soybeans will occur the second and every fourth year 
thereafter; wheat the third and every fourth year thereafter; and clover the 
fourth year and every fourth year thereafter. 


Relation of Rotation to Farm Practices 
There is usually a close relation between crop rotation and maximum 
crop yields. High yields are, to a certain degree, dependent upon a well- 
planned crop rotation. This, however, is only one of the factors in successful 
crop production, and it should be accompanied by those other factors which 
together with crop rotation are known as good farm practices. 


These combined practices may 
be likened to a wheel, of which 
crop rotation is the hub; other 
good farm practices the spokes 
fitting into the hub; and the 
farmer himself the rim and tire 
which bind all together. All 
are essential, and when com- 
bined form the wheel that will 
successfully carry the load of 
profitable crop production. Due 
to the inter-relation of these 
factors, a discussion of crop 
rotations, independent of the 


other factors, would be incom- Timea heclathee, willeeeeihe 
plete. load of profitable crop production. 
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Why not farm on the higher level? 


INTERDEPENDENCE OF FACTORS 


The interdependence of the factors of good farm practice is evidenced 
in the experiences of certain farmers in every county in the state. Practically 
every community has its outstanding examples of successful crop production 
by a few men who observe all these factors, and likewise has its outstanding 
examples of failures by some who neglect one or more of the factors. Lime 
and fertilizer may be profitable for one man but not for his neighbor with 
the same type of soil. The explanation lies in a difference in seed, cultural 
methods employed, crops grown, or other factors which have been disregarded. 
The failure comes about in spite of the liming and fertilizing, because other 
equally important farm practices have been neglected. 


At the Missouri Agricultural Experiment Station, corn was grown con- 
tinuously on the same land for thirty-one years. Where no lime, manure, or 
fertilizer was used, the yield the thirty-first year was 19.6 bushels per acre. 
On the adjoining plots, where manure was used, the yield was 39.1 bushels. 
On a third series of plots where manure was used in connection with a rotation 
of corn, oats, wheat, and clover, the yield was 60.1 bushels. Manure used in 
connection with a good crop rotation gave a yield of corn 21 bushels per acre 
greater than a like application of manure used in connection with continuous 
cropping. 


At the same station, a similar experiment, except with wheat instead of 
corn, gave in the twenty-ninth year a yield of 10.9 bushels of wheat per acre 
where manuring and continuous cropping were practiced and 39.4 bushels 
where manuring and crop rotation were practiced. 


From these yields obtained with manure and continuous cropping it might 
seem to the careless observer that it does not pay to use manure. Likewise in 
the case of similar experiments that gave like results when lime, fertilizer, or 
other factors of soil fertility were used with and without the rotation. The 
facts, however, are that while lime, manure, fertilizer, and rotation all have a 
tendency to increase crop yields, no one of them alone can long produce profit- 
able crops. 


RELATION OF ROTATION TO PRODUCTION 
The remarkable ability of crop rotation to increase yields has been shown 
by numerous farm tests and station experiments. ‘Typical of these is one 
conducted at the Ohio Experiment Station. Corn, oats, and wheat were grown 
continuously on respective series of plots. On another series of plots, corn, oats, 
wheat, clover, and timothy were grown in a five-year rotation. On still another 
series, corn, wheat, and clover were grown in a three-year rotation. 


The continuous cropping and the five-year rotation experiments were 
begun in 1894, and the three-year rotation in 1897. All were still in progress 
when this circular was published. The influence of the respective treatments 
for the five-year period, 1921-25, is shown in tabulated form in Table 1. 


Two things of particular significance are brought out in Table 1. The first 
is that crop production without crop rotation was so low that it failed to pay 
the cost of production. The second is that, even with such a good rotation as 


TABLE 1—Effect of Crop Rotation Upon Organic Matter, Nitrogen Content, and 
Crop Productivity of the Soil at Ohio Agricultural Experiment Station, 
Wooster, for the Five-Year Period, 1921-25.* 


Amount of! Amount of Average Yields of Crops 
Organic |Nitrogen Average 


: Matter 
t per Acre 
ecoepiens System per Acre |in Surface |Corn |Oats |Wheat| Clover |Timothy 
in Surface |Soil, 1925+|(bu.) |(bu.) |(bu.) | (Ibs.) | (Ibs.) | Valuet 
Soil, 1925+ (bs.) 


(Ibs.) 
Continuous corn 12,520 820 Go ti Dae elie eeeseealle | <ctectnce Vie eerstes $4.69 
Continuous oats 21,720 VeS'00L wll Masecece ACB) 3) mi ee once aus, p || Wemme cod 6.12 
Continuous wheat 21,830 532 OM iressees, te ceeeee 7H TAN ecepereren | «8 posses 11.10 
Corn, oats, wheat 
clover, timothy 26,520 1,540 26.3 34.4 16.3 2,700 18.49 
Corn, wheat, clover 29.550 1,760 4 ONO ees EOLA, 03 On eens 25.86 


*Compiled from unpublished data furnished by R. M. Salter, Chief in Agronomy. 

¢Values used in the calculations for this table were: corn, 70c per bushel; oats, 40c per bushel; wheat, $1.50 
per bushel; and hay, $15.00 per ton. 

$The soil at the beginning of the experiments had approximately 36,830 pounds of organic matter and 2,240 
pounds of nitrogen per acre. 


1Ohio Agricultural Experiment Station, Bulletin 336, and unpublished data furnished by R. M. Salter, Chief 
in Agronomy. 


As shown in this picture, the steeper areas of West Virginia farms should 
be in permanent pasture or in woods, while the more level areas should be fenced 
and farmed in a regular rotation. 


corn, wheat, and clover, the nitrogen and organic matter contents of the soil 
were not maintained. In other words, while it is apparently useless to try to 
produce profitable crops without a rotation, rotation in itself is not enough. 
Every additional factor of good farm practice adopted not only makes an in- 
crease for itself but also increases the returns from every other such factor 
previously adopted. 


For the five-year period, 1921 to 1925 inclusive, the average annual yield 
of corn in West Virginia was 32.9 bushels, wheat 12.7 bushels, oats 24 bushels, 
buckwheat 19.6 and hay 1.29 tons. Such yields as these return little or no 
profit and very frequently result in loss. The only possibility of raising them 
to a profitable level is through better farm practices centered about crop 
rotation. 


RELATION OF ROTATION TO FARM ORGANIZATION 


A good crop rotation plan greatly aids in the business organization of the 
farm. It provides for a more constant feed supply through the regular pro- 
duction of more or less uniform quantities of the various crops grown. Due to 
a more definite program, labor can be distributed and kept more efficiently 
employed. The annual needs for lime, fertilizer, seed, and other supplies become 
more stabilized, making it possible to purchase them further in advance and with 
less effort. It becomes much easier to keep a record of past soil treatment, and 
anticipate future requirements. In short, the whole farm business becomes 
more systematized and more profitable. 
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RELATION OF ROTATION TO PLANT NUTRIENTS AND AMENDMENTS 
It has been pointed out that crop rotation alone will not maintain profit- 
able crop production. Every pound of grain, hay, straw, livestock, or live- 
stock products taken from the farm takes with it some of the soil fertility. 
The amounts of nitrogen, phosphorus, and potassium required per acre by eight 
common crops are shown in Table 2 (on page 8). 


The systematic and regular application of barnyard manure or other form 
of organic matter together with lime, and fertilizer should be provided for in 
any good rotation plan. Barnyard manure is not well balanced, and when used 
alone, is not as profitable as when combined with superphosphate or other 
phosphatic fertilizer. Owing to the cheapness and abundance of manure in 
the past, it has been and still is grossly wasted. An application of 8 tons per acre 
once every four years, or the equivalent of this, will, under ordinary conditions, 
and with a good rotation, more than maintain the organic matter content of the 


soil. Many farmers have been unable to apply this amount, not because it is 


not produced, but because it is wasted. The average annual production of 
manure, exclusive of bedding, for the common farm animals per thousand 
pounds of live weight is about as follows: 


7 tons 
15 tons 


Calculations based on these amounts reveal that the farmer with 4 horses, 
5 cows, 4 head of young stock, 20 sheep, and § hogs, should produce about 120 


In the more level areas of West Virginia, such as the Greenbrier, Potomac, 
Shenandoah, and Ohio valleys, the crop rotation problem is not so difficult. This 
Jefferson county wheat field is on a farm where a three-year rotation of corn, 
wheat, and clover is practiced. 
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z : b 
TABLE 2.—Amounts of Three Common Plant Nutrients Required per Acre by 
Certain Farm Crops on the Basis of the Assumed Yields. (From Van Slyke.) 


Pounds of Elements Used per Acre 


Crops 


Nitrogen | Phosphorus | Potassium 

100 bushels corn (including cobs) 98.0 17.8 PIS )./] 
3 tons stover 60.0 7.8 69.0 

Total for corn crop 158.0 25.6 Meo] 
50 bushels oats 32.0 5.6 | 8.0 
2 tons straw 24.0 3.6 42.0 

Total for oats crop | 56.0 | oe? 50.0 
25 bushels wheat 30.0 oes, 6.3 
2 tons straw 20.0 2.8 20.0 

Total for wheat crop 50.0 8.3 26.3 
25 bushels soybeans 79.5 12.0 24.7 
2 tons straw 36.0 ef? 24.8 

Total for soybean crop UN Ss5 lf 49.5 
| ton clover hay _ 42.0 4.4 33.0 
1 ton timothy hay 25.0 4.8 16.6 
| ton alfalfa hay 49.0 4.4 | 34.8 
100 bushels potatoes 19.6 39) | 200 


tons of manure on his farm annually. A brief survey of the farms in West 
Virginia indicates that the average farmer of the state cannot account for one- 
half of this amount. This fact indicates that a large amount of manure must 
be lost due to poor care or improper handling. The best place to use manure 
is on a growing crop, preferably on sod land where it can be applied with 
greater ease and less cost than on tilled soil. The application may be made at 
any time, but due to the objection of coarse material in the hay, it is usually 
preferable to spread the manure just after the hay crop has been removed. 


The application of manure should occur once in a three- or four-year 
rotation. In a five- or six-year rotation, the application may be made twice. 
Plowing should not be done immediately after the manure has been applied, 
since in such case the manure will drop freely to the bottom of the furrow and 
will not become well mixed with the soil. Due to extra cost and lack of 
time, the practice in vogue a few years ago of applying manure on plowed 
land has become uncommon. 

Lime may be applied at almost any time. It has been customary in the 
past, however, to apply it on plowed land and work it in. This has generally 
been done before seeding wheat in the fall or planting corn in the spring. 
There is no objection to either practice, except that the extra work frequently 
delays seeding of the crop. It is also frequently difficult and expensive to get 
lime to the farm and on the field in the spring. In case the proper amount 
of lime is maintained in the soil by regular applications, the time at which it js 
applied in the rotation is of but little consequence. 

The consideration of chief importance is that the use of lime be made a 
regular feature of the rotation until the lime requirement has been met, after 
which less frequent and lighter applications will be required. Lime may be 
applied to meadows in late summer, fall, winter, or spring, or on plowed land 
before the planting of any crop, with the exception of potatoes, watermelons, 


and a few others. Due to the saving in labor and the possibility of better farm 
organization, the applications to sod land are becoming much more common. 
In brief, the time to lime is when there is time available to do the work. 


Lime encourages scab growth on potatoes and for this reason applications 
in a potato rotation should be lighter and made soon after the potato crop is 
removed, or as long as possible in advance of the next crop of potatoes. 


The kind of lime used makes little difference. The average application, 
until the lime requirement has been met, is about 2 tons of ground limestone, 
1% tons hydrated lime, or 1 ton of freshly burned lime. The amount to apply, 
however, should be determined by a study of crops grown, and by soil tests. 


No rotation plan is complete until it makes provision for the regular and 
proper applications of fertilizers. The kind and amount to use will depend upon 
the crops included in the rotation, the amount of stable and green manure 
applied, and the type of soil. If an abundance of legumes is grown, or if 
manure is used freely, little or no nitrogen is needed. On grass crops, however, 
where manure is not freely applied, or on truck crops having a high cash value 
per acre, some nitrogen is advisable. Most legumes also respond to some potash, 
especially on the more sandy soils in southern West Virginia. Truck crops in all 
parts of the state also pay good returns on applications of potash. 


All soils in West Virginia are deficient in phosphorous. This element is 
removed rapidly by grain crops and to a less extent through the sale of 
livestock from the farm. Moreover, the natural available supply of phos- 
phorus is more Jimited than that of nitrogen or potassium. For these reasons, 
it is recommended that phosphorus be included in the fertilizing plan to 
accompany any system of crop rotation followed on West Virginia farms. 


For the production of general field crops on the more fertile soils of the 
state, where an abundance of legumes and cover crops are provided for in the 
rotation, and where manure and lime are properly used, it is probable that but 
little additional profit can be obtained through the use of fertilizer other than 
phosphates, such as superphosphate. Where legumes are not frequently grown, 
or where applications of manure are light, fertilizers with analyses such as 
2-14-4 or 4-12-4* may be expected to give better results than phosphates 
alone. The tendency in West Virginia is, doubtless, too much toward the 
exclusive use of superphosphate. This fertilizer is probably the most profitable 
one to use on farms with fertile soils that are rich in organic matter, but on 
the most farms of average soil fertility a complete fertilizer, as the 2-14-4, 
the 4-12-4, or the 4-10-6, will likely prove to be more profitable. 


The amount of fertilizer to apply depends upon the crops grown and the 
other factors previously mentioned, but on general field crops an average of 
300 or more pounds per acre per year will be found to give good results. It is 
customary to make the heaviest applications on crops to be sold for cash, since 
this enables one to get returns from his investment more quickly. Fertilizer 
is also commonly applied on small grain crops when they are followed by grass, 
clover, or other hay crops, seeded with the grain. In this case, the fertilizer 
is applied not only for the grain crop, but for the hay crop that follows as 


*Percentages of nitrogen, phosphoric acid, and potash, respectively. 
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well. Applications may be omitted entirely from other crops in the rotation. 
Corn is a “gross” feeder, absorbing nutrients from coarse materials such as 
manure and sod. 


ADOPT ROTATIONS ADAPTED TO CONDITIONS 


With the foregoing general principles in mind, one may proceed with the 
formation of rotation plans suited to the needs of any specific farm. It is, 
undoubtedly, because of the wide variation in the requirements of different 
farms in West Virginia that the general adoption of rotation plans has not taken 
place more rapidly in the state. In many sections of the United States the 
types of soil, topography, climate, and types of farming are much alike and 
most farmers can follow one or another of a few standard rotations. This is 
not the case in West Virginia, and consequently many farmers must formulate 
new plans of their own. Good rotation plans are not common. There are 
examples of satisfactory ones, however, in every county. 


Due to the topography of the state, the various types of farming, and 
the various sizes and locations of fields, the same rotation plan is not suited to 
all cases. The requirements of every farm must be considered separately. The 
rotation best adapted to the hill farmer frequently does not meet the require- 
ments of the valley farmer. The requirements of the dairy farmer differ from 
those of the grain, truck, or livestock farmer. 


Specific Principles to be Observed 


The farmer who is really desirous of working out a good crop rotation need 
not despair, however, for there are certain underlying principles which are 
helpful in the selection or formation of any crop rotation plan. A careful 
study of these principles, a discussion of which follows, will be of value in 
planning a good rotation. 


SELECT CROPS THAT ARE ADAPTED 


The crops considered should first of all be adapted to the topography, 
climate, and soil type. Level land is well suited to the use of machinery and 
is not likely to be washed by heavy rains. For these reasons, corn, potatoes, 
and other crops requiring the extensive use of machinery are better adapted to 
the more level sections. Steeper lands, inclined to wash, should be kept in 
grass a greater part of the time. Buckwheat, potatoes, and oats are cool 
climate crops and are, therefore, suited to the higher lands of the state on the 
Alleghany plateau. Corn is a hot weather, moisture-loving crop, and is more 
at home on the lower lands of the state. Although corn is grown on practically 
every farm in the state, the most extensive corn areas are in the valleys of the 
Ohio, Potomac, and Shenandoah rivers. Oats, in addition to being a cool climate 
crop, is also an upland crop and is, therefore, better suited to the higher areas. 


Potatoes and buckwheat do best in light soils, while the small grains do better 
in heavier soils. 


Casual observations of the crops of a community and the soil type on which 
they grow soon give one an insight into the best crops to select for a cropping 
plan. If attempts are made, however, to grow only certain crops on certain 
soils, the objectionable practice of continuous cropping is likely to result. 


VW 


CHOOSE CROPS THAT ARE NEEDED 
Ordinarily crops are grown either as feed for livestock or are marketed 
directly. Where help is available, and where topography and other factors per- 
mit, it is desirable to have some crops for each purpose. This makes one’s income 
less subject to market changes in prices for individual products. 


The kind and amount of livestock kept will have much to do with 
determining the crops to be grown. Mature beef cattle, as a rule, will use an 
average of about two tons of silage and one-half ton of hay per head during 
the winter. Dairy cows will, of course, use more. Hogs and horses are heavy 
users of corn. Seven sheep consume about as much feed as one cow. With a 
little figuring one should be able to determine the area of the different crops 
needed to supply feed for his livestock. 


SELECT CROPS FROM DIFFERENT CLASSES 


In order to obtain maximum crop yields and maintain proper soil im- 
provement, a rotation should ordinarily include four classes of crops: cultivated, 
legume, small grain, and sod. 

The purpose of the cultivated crop is to incorporate plant nutrients 
and organic matter in the soil, destroy weeds, loosen the soil, provide a more 
uniform soil, and increase bacterial and chemical action. The cultivated crop is 
commonly regarded as the first one in a rotation. The ground is plowed in 
preparation for it, and thus it is possible to incorporate a fresh supply of organic 
matter in the form of manure as well as the sod that is turned under. 


The purpose of the legume crop is to aid in the maintenance of, or to 
increase, the nitrogen supply, and to penetrate the subsoil, thereby loosening 
it and providing a greater feeding area. Most legumes are not heavy feeders 
in the first two inches of surface soil. In order to maintain the nitrogen 
supply, a legume is needed under average conditions at least one year in three. 
With the exception of soybeans and cowpeas, legumes ordinarily can be estab- 
lished to best advantage for hay purposes when seeded in small grain, which 
serves as a nurse crop. Frequently, however, it is advisable to seed them alone 
in order to provide the needed number of legume crops in a rotation. 


Small grain crops serve to smooth the land following the cultivated crops 
and provide good nurse crops for starting the clovers and grasses. Grain crops 
are frequently sold for cash. 

The sod crops serve to prevent washing and leaching, and they feed 
freely from the surface soil. 

A rotation made up of these different classes of crops keeps the supply 
of plant nutrients better balanced and draws upon larger areas of the soil. 


ARRANGE CROPS IN PROPER SEQUENCE 


After determining what crops are to be grown in the rotation, the question 
of proper sequence of these crops arises. The order of the crop in the rotation 
that will produce the greatest yields with the least work is the one that should 
be followed. It is a well known fact that certain crops do not grow well when 
preceded by certain other crops. For example, potatoes yield better after 
clover than after corn. Wheat yields better after corn than after buckwheat. 
The ways in which one crop may influence another crop following it are not 
entirely understood, but three possible ways are often suggested; namely, by 
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Where the area of level land is limited more intensive farming in a short 
rotation is preferable. Note the soybeans on this section of bottom land where 
a rotation of corn and soybeans is practiced. 


production of toxic material, exhaustion of available food supply, and the 
harboring of insect pests and plant diseases. 


There is evidence that certain materials injurious to plant growth are 
developed in the soil either as exudates from the roots or as products of decom- 
position of the crop residue. Such injurious materials produce a toxic effect 
which is thought to be largely responsible for the inability to maintain good 
yields under continuous cropping, even when manure is added. 


Exhaustion of the available food supply occurs chiefly where two crops 
in succession have similar root systems and feeding habits. Practically all 
legumes have deep roots, feed freely, and draw rather heavily on the potash 
supply. They not only absorb largely the same nutrients, but draw them from 
the deeper portions of the soil. In a like manner, the small grains and grasses 
with fibrous surface roots have much the same type of root system and similar 
feeding habits. They draw chiefly from the surface soil. It is evident, there- 
fore, that if legume and grass crops were alternated, the available plant nutrients 
in both surface and subsoil would be more efficiently utilized and a better growth 
of the crops in each group would result. The nitrogen supply may even be 
increased because of the legumes. 


A third way in which certain crops may retard the yield of others following 
is through the propagation of insect pests and plart diseases. Good illustrations 
of the harboring of insect pests and plant diseases are found in the wintering of 
the European corn borer, corn root rot, and smut. All of these may live over 
in the old corn stalks or other materials and attack the rext crop of corn. 
One of the corn root rot organisms also attacks wheat, causing scab. 
Where a disease common to two crops is present it is not desirable that one crop 
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should follow the other and ordinarily the same crop should not be planted 
twice in succession on the same land. 


It has been mentioned that a cultivated crop in the rotation is necessary 
in order to incorporate organic matter, loosen the soil, and destroy weeds and 
insects. Thorough cultivation ordinarily is not necessary more than once in 
every three years. Consequently, two crops, both of which require plowing, 
should not ordinarily follow each other. For example, wheat may follow corn 
witnout plowing, grass and clover may be seeded in the wheat, and this in turn 
may be cut for hay one or more years. This gives three or more crops from a 
single plowing, and is desirable in case wheat scab is not present. If the land 
is adapted to alfalfa, this crop may be seeded in the grain instead of grass and 
clover, and several more crops thus obtained from a single plowing. It is never 
advisable to plow for a crop that can be produced without plowing unless the 
soil is in need of plowing for other reasons. The old practice of plowing sod 
for wheat has practically gone out of existence, largely for this reason. 


SOME STANDARD CROP ROTATIONS 


Mary good rotation plans have already been formulated and tried out by 
West Virginia farmers. A number of these are presented in the following 
pages along with others which have been modified or formulated as a basis for 
selection and rearrangement. 


From a soil fertility point of view, probably three- or four-year rotations 
are best, but the length of the rotation is commonly determined by the amount 
of land available and the portion of it which can be handled in cultivated 
crops in any one year, the size and number of fields, the topography of the land, 
and the type of farming desired. 


Two-Year Rotations 


There are a number of farms in West Virginia with limited areas adapted 
to the production of some much needed crop. Under such circumstances a 
very short rotation is desirable. The four two-year rotations outlined in Table 
3 are suited to these conditions. 


A potato field on an Ohio valley farm where a rotation of potatoes and 
soybeans is followed. Rye is used as a cover crop and the soybeans as a green 


manure crop. 
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Rotation No. I, as outlined in Table 3, is adapted to the producer of 
potatoes who can get the crop dug and marketed early. Such conditions are 
to be found on limited areas operated by the truck-crop men near the larger 
towns and cities. The sweet clover crop may be used for hay and pasture or 
turned under as a green manure crop. If it is found necessary to reduce the 
application of manure, a 4-10-6 fertilizer should be used instead of the super- 
phosphate. The 0-14-6 is advisable on the more sandy soils even when the full 
application of manure is made. 


TABLE 3.—Four Suggestive Two-Year Rotations with Crop Management Plans. 


No. Year Crop Cover Crop Manure Fertilizer Lime* 
Ist Early Sweet clover; seed-| None 800 - 1200 pounds|As needed 
potatoes ed at the rate of superphosphate, 0-|every other 
15 pounds per acre 14-6 or 4-10-6 fer-|rotation 
when potatoes are tilizer, depending| following 
dug upon type of soil|potatoes 
and amount of 
I clover and manure 
plowed under 
2nd Sweet Residue of  sweet|10 tons on None None 
clover clover sod, after 
hay mowing 
Ist Corn Rye and_ vetch;|None 400 pounds super-|None 
seeded at the rate phosphate or 2-14-4 
of 1 bushel rye and 
15 to 20 pounds 
vetch per acre at 
I last working 
2nd Soybeans Rye alone; 6 pecks|6 tonsonrye |200 pounds super-|As needed 
per acre before plowing] phosphate every third 
for corn rotation 
fist Potatoes Rye and vetch; seed-| None 800 - 1200 pounds|As needed 
ed at the rate of 1 superphosphate, 0-|every other 
bushel rye and 15 14-6 or 4-10-6 fer-|rotation 
to 20 pounds vetch tilizer, depending|after 
per acre when pota- upon type of soil| potato 
- toes are dug and amount of/digging 
clover and manure 
plowed under 
2nd Rye and Soybeans seeded in|10 tons on rye |None None 
vetch hay July and vetch or 
See soybean stubble 
Ist Corn Red clover and|None 400 pounds super-| None 
timothy; seeded at phosphate or 2-14-4 
last working 
Iv |2nd_ |Red 
clover Timothy 6 tons on None or 200 pounds| As needed 
and tim- sod after 6-8-6 every third 
othy hay mowing rotation 


*All lime applications are stated in terms of ground limestone. 


If hydrated lime is used, 1480 pounds may take 


the place of a ton, or if freshly burned lime is used, 1120 pounds are equivalent to a ton of ground limestone. 


ay 


Corn Soybeans 


A two-year rotation adapted to farms having limited areas of crop land and 
demanding maximum production. A cover crop should be seeded after both 
corn and soybeans. 


Rotation No. II, of the two-year group, is suited to the dairyman or 
livestock man who has a piece of ground near his silo on which he wants corn as 
frequently as possible. Soybeans make excellent hay for dairy cows. In case 
of reduced applications of green or barnyard manure, a 2-14-4 or a 4-12-4 
fertilizer should be substituted for the superphosphate. 

Rotation No. HI is a two-year plan well suited to the man who has a 
limited area exceptionally well adapted to potatoes, and who, therefore, desires 
to grow potatoes as often as advisable. 

A fourth two-year plan, outlined in Rotation No. IV, is being used in 
Lewis county and elsewhere in the state where frequent crops of corn are desired, 
and where it is desirable to get the ground back in sod as soon as possible. The 
rotation is not popular, however, due to the frequent failures of red clover 
when seeded in corn. This rotation may be extended to three years by allowing 
the grass and clover to remain another year. 


Three-Year Rotations 


For farmers who desire rotations extending over a three-year period one 
of the three rotations given in Table 4 or a modification of one of these is 
recommended. 

Of the three-year series, Rotation No. I has a wide adaptation. It is in use 
in practically every county of the state. By changing the seed for the hay 
crop it may be made to serve the farmer who generally prefers a mixed hay or 


TABLE 4.—Three Suggestive Three-Year 
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Rotations With Crop Management 


Plans. 
No. Year Crop Cover Crop Manure Fertilizer Lime 
Ist Corn Wheat for grain, or|None 400 pounds super-| None 
rye and vetch, if, phosphate 
oats follows 
2nd |Wheat or Clover for hay|/None 400 pounds super-| As needed 
oats either sweet or red phosphate or every other 
with or without 2-14-4 rotation 
I \timothy here or on 
sod after 
grain crop 
3rd |Clover Second crop clover)8 tons on None None 
land grass meadow after 
|mowing 
Ist |Potatoes ‘Rye and _ vetch;/None 1000-1200 pounds|None 
lseeded at the rate| superphosphate, 
of 1 bushel rye and 0-14-6 or 4-10-6 
[15 to 20 pounds) fertilizer, depending 
vetch per acre when upon type of soil, 
potatoes are dug, if manure applied, and 
followed by oats; clover plowed under} 
otherwise wheat for 
grain 
II | 
2nd |Oats or Clover for hay,|None None As needed 
wheat either sweet or red,| every other 
with or without! rotation 
timothy 
3rd Clover Second crop clover|10-20 tons on |None None 
and grass clover sod 
after 
mowing 
Ist Red clover Clover seeded in|10-20 tons 200 pounds super-|None 
and buckwheat|buckwheat after harvest |phosphate 
of buckwheat 
2nd_ |Potatoes Wheat for grain INone 1000-1200 pounds|None 
superphosphate, 
0-14-6 or 4-10-6 
WI fertilizer, depending 
upon type of soil, 
manure applied, and 
clover plowed under 
3rd | Wheat Clover for hay None None As needed 
other rota- 
tion before 
seeding wheat 
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An excellent timothy crop on a Harrison county farm in the third year of 
a corn, clover, timothy rotation. This field gave a yield of more than three 
tons per acre. 


the dairyman who warts a legume hay. It provides corn for grain or silage, 
and grain for feed or sale. The objections most commonly made to it are that 
corn land is generally not very smooth and corn stubble is present, both of 
which are objectionable in the hay crop. Further objection lies in the fact that 


A field of alfalfa on a Jefferson county farm. This crop is best grown in 
long rotations, or where it may stand for several years. 
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where corn is shocked and followed by wheat, the shock rows cannot be seeded 
to grass and weedy patches result in the following hay crop. If these objections 
can be overlooked, the rotation is not easily improved upon in the three-year 
class. 


Rotation No. II, of the three-year group, is a modification of No. 1 which 
provides for potatoes. This rotation is now most in use in the potato territory 
in the Alleghany plateau counties and along the Ohio river. The objections 
of uneven land and shock rows do not apply here. On the more sandy soils of 
the state where full applications of manure are made 0-14-6 should replace 
superphosphate. On any type of soil where the application of manure is reduced, 
the 4-10-6 is preferable. 


A three-year plan that includes four crops is that of rotation No. III in 
Table 4. This rotation is particularly adapted to the Alleghany plateau where 
the climate is well suited to the growing of potatoes and buckwheat. The 
rotation is a good one from every point of view. The first year clover is 
cut for hay and the land is plowed at once for buckwheat; thus two crops are 
harvested the first year. The plowing and the buckwheat aid in breaking down 
the sod and getting the soil in good physical condition for potatoes. Clover 
may also be seeded in the buckwheat to serve as a cover crop. The tender young 


clover plants decay readily when turned under for potatoes. Oats or rye may 
be substituted for wheat. 


These three-year rotations may be lengthened to four or five years by allow- 
ing the grass to remain longer before breaking the sod, but such practice is 
objectionable except on steep land, in which case, the seed mixture should 
include red top. Top dressing the grass will also be necessary. 


Potatoes Wheat Clover 
_ These crops make a desirable three- 
sections of West Virginia. 


followed, it usually consists of corn, wheat, and clover. 
are used in place of wheat. 


year rotation for the potato-growing 
In other sections where a three-year rotation 1s 


Frequently other grains 


Clover Buckwheat Potatoes Oats 


A three-year rotation adapted to Alleghany plateau region including four 
crops in three years. Buckwheat follows clover the first year. Wheat or rye 
may be substituted for the oats. 


Four-Year Rotations 


On some West Virginia farms rotations requiring more than three years 
are desirable. For these farms one of the three four-year plans outlined in Table 
5 or a modification of it is recommended. 


Rotation No. I in the four-year series has two or possibly three advantages 
over No. I of the three-year group. It has an extra crop which may be sold. 
It leaves the land smoother and cleaner for hay, and in case soybeans are used 
the second year, it has an extra legume crop. For the dairyman who has land 
enough to handle a four-year rotation, this one, with soybeans the second year 
and sweet clover the fourth, is not easily surpassed. Other cultivated crops 
might be substituted for corn. This rotation has one disadvantage, however, 
when compared with No. I of the three-year group, in that two plowings are 
required in four years instead of one in three. 


The four-year plan given in Rotation No. II is a modification of No. I, 
which provides for potatoes or other truck crops the first year. These four- 
year rotations, in one form or another, are becoming more popular in many 
sections of the state, especially in the Eastern Panhandle, and along the Ohio 
river where they are replacing an old five-year rotation of corn, wheat (two 
years), clover, and timothy. 


In the five-year rotation referred to, the three crops the first three years 
are all subject to corn root rot or wheat scab, and there are not sufficient legume 
crops to keep up the nitrogen supply. Where wheat scab is not present, and 
where land is level and easy to get over with machinery, this five-year plan has 
been giving relatively satisfactory results. 
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TABLE 5.—Three Suggestive Four-Year Rotations with Crop Management Plans. 


No. | Year Crop Cover Crop Manure Fertilizer Lime 
Ist {Corn Rye and_ vetch,|None 400 pounds super-|None 
seeded in corn at phosphate 
the rate of 1 bushel 
rye and 15 to 20 
pounds vetch per 
acre 
2nd _ |Soybeans Wheat None 200 pounds super-|None 
phosphate 
J 
3rd |Wheat Red clover, sweet|None 400 pounds super-|As needed 
clover, or clover phosphate or 2-14-4 every other 
and timothy for rotation 
hay here or on 
sod after 
grain crop 
4th |Clover Same as for third/12 tons on None (See above) 
year meadow 
before corn 
Ist | Potatoes Rye and vetch or|None 1200-1500 pounds|None 
sweet clover superphosphate, 0- 
14-6 or 4-10-6, de- 
pending upon type 
of soil, manure and 
clover crop turned 
under 
2nd_ |Soybeans, Wheat None None As needed 
II every other 
rotation 
3rd | Wheat Red clover, sweet/None 300 pounds super-|None 
clover, or clover phosphate or 2-14-4 
and timothy for hay 
4th |Clover Same as for third|10-20 tons on |None None 
year clover sod be- 
fore plowing 
Ist Potatoes Rye and vetch or |None 1200 - 1500 pounds}None 
sweet clover superhposphate, 0-|As needed 
14-6 or 4-10-6 de-Jevery other 
pending upon type rotation after 
or soil, manure and|digging 
clover crop turned] potatoes 
under or before 
planting 
7 corn 
2nd |Corn Wheat None None (See above) 
3rd | Wheat Red clover, sweet|None 300 pounds super-!None 
clover, or clover phosphate or 2-14-4 
and grass for hay 
4th (Clover Clover and grass 10-20 tons on |None 


sod after 


mowing 


None 
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Corn Soybeans Wheat Clover 


A four-year rotation suited to rapid soil building and well adapted to dairy 
farming. A cover crop of rye and vetch should follow the corn. 


The third of the four-year rotations given in Table 5 is used by some of 
the leading farmers in West Virginia and is giving good results both from the 
standpoint of crop yields and the maintenance of soil fertility. On the more 
sandy soils of the state and where full applications of manure are made in both 
rotations, No. 2 and No. 3, of this group the potato fertilizer should be changed 
from superphosphate to 0-14-6. On any type of soil where the application 
of manure is reduced the 4-10-6 should be substituted. 


Five-Year Rotations 

For farms on which a rotation longer than those previously suggested is 
found to be desirable, two five-year plans are given in Table 6. These five- 
year crop rotation plans meet the requirements of good farm management 
principles, and are recommended as being suited to conditions in West Virginia 
where long rotation plans are preferable to short ones. 

The first of the five-year rotations in Table 6 is suggested as a substitute 
for the old five-year rotation of corn, wheat (two years), clover, and timothy, 
previously referred to. It has the two distinct advantages over the old one of 
separating the corn and wheat crops and of adding an extra legume. It is well 
adapted to the regions where small grains, grass, and corn thrive, particularly 
in the Ohio, Potomac, and Shenandoah valleys. 

The second of these five-year rotations is adapted to the same regions as 
the first and also to the Northern Panhandle of the state. The rotation may be 
extended to six or seven years. In event it is so continued the fertilizer treat- 
ment for the alfalfa should be repeated every other year. 
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TABLE 6.—Two Suggested Five-Year Rotations with Crop Management Plans. 


No. Year Crop Cover Crop Manure Fertilizer Lime 
Ist |Corn Rye and vetch; seed;| None 400 pounds super-|None 
ed at the rate of 1 phosphate or 2-14-4 
bushel rye and 15- 
20 pounds vetch per 
acre 
2nd |Soybeans Wheat for grain |None 200 pounds super-|None 
phosphate 
3rd Wheat Clover and timothy|None 400 pounds super-|As needed 
I for hay phosphate or 2-14-4]each 
rotation 
here or on 
sod after 
grain 
4th |Clover Second crop clover|None None None 
and grass 
Sth |Timothy Timothy sod 12 tons on 300 pounds 6-8-6 | (See above) 
meadow after 
mowing 
Ist {Corn Wheat for grain or|None 400 pounds super-|None 
rye and vetch for phosphate 
green manure 
2nd |Wheat Alfalfa None 400 pounds 2-14-4]As needed 
or oats here or on 
alfalfa 
sod 
Il 
3rd Alfalfa Alfalfa None None None 
4th |Alfalfa Alfalfa None 300 pounds super-| (See above) 
phosphate or 0-14-6 
Sth | Alfalfa Alfalfa 12-15 tons on |None None 
sod during 
fall and win- 
ter before corn 


Another long-period rotation, which is more a necessity than a deliberate 
plan, is in use on much of the steeper lands of the state. Plowing frequently 
results in severe erosion on such slopes and, therefore, the land is broken only 
once in five or ten years, planted to corn one or two years, and followed by small 
grain and grass. Under such conditions the land should be manured heavily 
before plowing and fertilized heavily with a 2-14-4 fertilizer when the land is 
reseeded to grain and grass. Top dressing of a mixture of 200 pounds sulphate 
of ammonia, and 400 pounds superphosphate applied at the rate of 400 pounds 
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per acre about every other year thereafter, will hold a good sod of timothy for 
seven or eight years, other conditions being favorable. On sandy soils the 
further addition of 100 pounds of muriate of potash to this mixture is recom- 
mended. This is the equivalent of a 6-9-7 ready mixed fertilizer. If a mixed 
fertilizer is used, a 6-8-6 is recommended. 


PASTURE 


In the rotations herein discussed, no provision has been made for temporary 
pasture. Any of the rotations containing grass may be pastured a year or more 
before plowing again for the cultivated crop. In such cases the manure should 
usually be applied on the pasture the last year before plowing. If two applica- 
tions are desired, one may be made during the last year of pasture and the other 
on the new meadow. Since pasturing often lengthens the rotation and reduces 
the frequency with which legumes occur, increased applications of fertilizer 
such as 2-14-4 and 4-12-4 may be expected to give more satisfactory results 
under such conditions. It is usually better, however, to keep crop land and 
pasture separate. 


An excellent crop of clover on a Jackson county farm. This field has been 
made to produce three times the yield of twelve years ago through the use of 
rotation, manure, lime, and superphosphate. 


FIND the - 
- REASON 


WHY! 


YOUR crop yield was so low- 
yet production costs so high 


Possibly-- 


—poor or unadapted seed 
—soil needed some lime 
—wrong crop on the soil 


—land should be drained 


—wrong fertilizer used 
—wrong cultural methods 


Which was it? 


— ff] NL TH OO 


RAINED research men have spent years of time and 
i thousands of dollars in finding the secrets of profitable 


a 

| 

| 

| crop production on West Virginia farms. 

| mation is contained in the following publications: 
| 

| 

| 

| 

| 


Bul. 192, Varietal Experiments 
Wheat, Oats, 
Buckwheat. 

Bul. 196, Varietal Experiments 
Soybeans. 

Bul. 199, Varietal Experiments and 
First Generation Crosses in Corn. 
Bul. 200, Cultural Experiments with 

Wheat, Oats, and Buckwheat. 

Bul. 204, Cultural Experiments with 
Sunflowers and Their Relative 
Value as a Silage Crop. 


with 


Barley, Rye, and 


with 


Much of this infor- 


| 

| 
Bul. 215, Lime for West Virginia | 
Farms. : 
Bul. 216, Varietal Experiments with | 
Tobacco. | 
Cir. 47, Pasture Improvement. i 
| 

| 

| 

Cy 


Cir. 51, Good Seed Corn—Growing, 
Selecting, Storing and Testing. 


Cir. E-246, Farm Drainage. 
Cir. E-253, Garlic and Wild Onions. 
Cir. E-Spec., Certified Seed. 
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‘OR THE five-year period, 

1921-25, inclusive, West 
Virginia farmers produced 
average yields per acre as 
follows: Corn, 32.9 bushels; 
Wheat, 12.7; oats, 24; and 
hay, 1.29 tons. 

Such yields usually do not 
pay production costs 


Let Your University 
Serve You 


These 


Morgantown, - 


publications may be obtained for 


the asking from your county agent, or the 


AGRICULTURAL EXPERIMENT STATION 


College of Agriculture 


West Virginia University 


West Virginia 


High Points on Seed Corn 


Choose a variety of corn that you know is adapted to your loca- 
tion. If you have a neighbor who has high-yielding corn, it is safer to 


obtain seed from him than to obtain it a long way from home. 
Select seed corn in the field before a killing frost 


Select mature ears which are borne on vigorous stalks in compe- 
tition with other stalks. If the corn was planted in hills, select ears from 


2- or 3-stalk hills surrounded by other 2- or 3-stalk hills. 


Never select ears from stalks which show symptoms of disease. 
Some of the indications of a diseased stalk are: Smut boils, broken 
shanks, a broken or lodged stalk, a weak growth, and a premature 


ripening. 


It is advisable to select ears that are borne at a convenient height 
on the stalk and that have their tips covered by the husk. Avoid select- 


ing ears that have tips exposed. 


If a plant matures normally, the husk on the ear should dry while 


the plant is still green. It is at this stage that the ears should be selected. 


A diseased condition is usually associated with rough starchy ears, 


therefore, such ears should be avoided. 
Select at least twice as many ears as will be needed for seed. 


Dry all ears selected in a well-ventilated room. It is important to 


have each ear stored in such a way as to allow a free circulation of air 
around it. 


Late in the winter or early in the spring, test each ear for germi- 
nation and the presence of disease and discard any ear which shows 


weak germination or symptoms of disease. 


Better Seed Corn 


Growing, Selecting, Storing, Testing 
By R. J. GARBER and M. M. HOOVER 


ORN IS THE MOST IMPORTANT and the most widely cul- 
C tivated field crop in West Virginia and for this reason 
deserves particular consideration. Frequently too little 
attention is given to seed. No matter how well the crop may be 
cultivated and fertilized, if the seed is poor the yields will be unsat- 
isfactory. 


Often additional investment in high quality seed will return 
a greater dividend than investment in any other item in connection 
with crop production. Two fields of approximately equal produc- 
tivity may be given the same cultural and fertilizer treatments 
and yet there may be a marked difference in yield owing to the 
difference in the seed used. 


With a crop like corn for which there is a relatively small 
number of seeds planted per acre the use of a few poor seed ears 
may lower the yield considerably. 


TIS NOT ENOUGH merely to know that we should follow certain 
practices and the mere mechanical routine of how to perform 
the operations in question. If we are to do our work intelligently, 
we must know the reason for doing things a certain way and why 
more satisfactory results will be obtained by this procedure than 


by some other. 


In preparing this circular these facts have been kept in mind, 
and an attempt has been made to explain certain characteristics 
of corn which make certain practices in growing it, with a view 
to obtaining seed that will be better than the original seed that we 


started with, essential. 


The first part of this circular, therefore, explains the reasons 
for the practices that are recommended in the latter part with the 
hope that this information will make the production of better seed 
corn on West Virginia farms not only easier but more fascinating 


and interesting to the grower. 


Fig. 1—A field of corn in which self-pollinations by hand have been made. A large 
number of bags which have been placed over tassels and a few bags which have been 
placed over ears may be seen. ¢ 


Cross-Fertilization 


In order to understand better some of the problems in obtain- 
ing desirable seed corn one should know something of the nature 
of reproduction in this plant. Corn is known as a cross-fertilized 
plant, that is, there are two different plants concerned in the pro- 
duction of each seed on the ear. The individual seed rather than 
the ear should be looked on as the unit. All the seeds borne on any 
particular ear have but one female parent but each seed may have 
a different male parent. 


A normal vigorous corn plant may produce as many as 2,000- 
000 pollen grains in the tassel and 500 to 1000 ovules or eggs on 
the young ear. The ovules are enclosed in tiny sac-like structures 
on the cob and attached to each of these sac-like structures is a 
long hair-like appendage called a silk. When the ear is ready to 
receive the pollen (male element) the silk is extended beyond the 
husk. If a pollen grain falls on a silk it germinates and grows 
down along or through the silk until it reaches the tiny sac (female 
element). Here part of the contents of the pollen grain and of the 
tiny sac unite (the process being known as fertilization) and from 
this union a seed develops. Each seed on an ear of corn is pro- 


duced in this manner, or by a similar union of male and female 
elements. 


From the nature of reproduction in corn it is easily seen that 
by selecting seed ears from standing stalks in the field one may 
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ascertain the characteristics of the female parent stalks on which 
the ears are borne but not of the male parent stalks, from which 
the pollen was supplied. It is known from the studies of inheritance 
in corn that the male has just as much influence as the female in 
determining the characteristics of the progeny. It is possible to 
exclude natural cross-pollination and to make pollinations by hand 
and thus control the parentage of any particular ear,*but this 
method is far too uncertain and expensive for the farmer. By 
selecting ears in the field one may obtain a good idea of the female 


- parents and since one-half of the inheritance of the seed on any 


particular ear comes from the plant on which it is borne, it is cer- 
tainly worth while to give some attention to this maternal plant. 
The only place this can be done is in the field. 


Effect of Inbreeding 


At the West Virginia and other agricultural experiment sta- 
tions rather extensive projects in breeding corn are under way. 
An important feature of this work is the isolation of strains which 
breed more or less true. These strains are established by self-polli- 
nation—the most intensive kind of inbreeding known. When the 
ear has begun to “shoot,” but 
before the silk appears, it is \ 
covered with a glassine paper \ 
bag and a few days later a ma- 
nila bag is placed over the tassel. 
When the silk appears the pollen 
which has collected in the tassel 
bag is applied to it, after which 
a bag is again placed over the 
young ear and allowed to remain 
until harvest. By this kind of 
artificial self-pollination a great 
many different “‘selfed” strains 
of corn may be isolated from the 
same variety. After six or seven 
self-pollinations the individuals 
of any particular strain are re- 
markably like one another but 
the strains differ strikingly. It is : ‘ 
possible,in fact,to isolate strains Fi, 2 self-pollinating corn by hand. 


Fig. 3.—Relatively pure strains of selfed corn which have been isolated by self-polli- 
nation. Note the difference between strains and the marked uniformity within any one 
strain. The cover crop which may be seen in the photograph consists of rye and hairy 
vetch seeded at the last cultivation of the corn. 


from any one variety which differ more from one another than do 
any two ordinary varieties of corn (See Figure 3). 


Such true breeding strains are generally low yielders, but a 
great difference is found between strains in regard to this charac- 
teristic. Some strains are lost because they fail to produce seed at 
all, some are low yielders, others medium and still others relatively 
high yielders but in no case has a selfed strain been isolated which 
produces much more than one-half the yield of ordinary field corn. 
It has been stated that the individuals of any one “selfed” strain 
resemble one another very closely. This is true in every detail of 
the plant and ear characters. These facts show that self-pollina- 


tion leads to uniformity of ear and of plant characteristics and 
reduces yields. 


A certain amount of uniformity in the ears of ordinary field 
corn may be attained by selecting ears for seed which conform 
very closely to some one type but, since uniformity is associated 
with lower yields, this practice seems questionable. 


When two relatively pure self-pollinated strains are crossed 
the first generation progeny frequently yields more than the orig- 
inal commercial variety from which the strains are isolated. A 


? 


first generation cross between two varieties usually yields more 
than the average yield of the two varieties and sometimes yields 
more than the higher yielding parent. These facts show that 


high yield in corn is associated with the crossed condition (See 
Figure 4). 


From the standpoint of the practical farmer who is interested 
primarily in high yield, any system of seed selection which tends 
to bring about inbreeding may be objectionable. This does not mean 
that it is necessary to grow a mixture of varieties in order to 
obtain maximum yields. In selecting seed, a safe plan is to pay 
particular attention to yield and disregard, very largely, type of 
ear. 


In addition to reducing yield, inbreeding shows something of 
the hereditary qualities of ordinary commeccial corn. Just as the 
chemist may analyze a compound and find out what it contains, so 
the plant breeder may inbreed a commercial variety of corn and 
find out what it contains. It has been pointed out that the inbred 
strains differ strikingly with regard to yielding ability, although 
none has been isolated as yet which yields as high as an ordinary 
variety. The inbred strains differ strikingly also with respect to 


ili i i tween 
ig. 4.—Two self-fertilized strains of corn and a first generation cross be e 
theme The tall row in the middle is the first generation cross and the short row growing 
on the right and the one on the left are the parents. 
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such characteristics as height of 
plant, width of leaves, coloring 
of stalk and leaves, size, shape 
and color of seed and cob, root- 
ing habits, resistance to disease, 
and tendency to produce defec- 
tive plants. These differences 
between inbred strains arise be- 
cause of hereditary differences 
between the strains. 

A few examples may bring 
out more clearly what is meant 
by hereditary difference in in- 
bred strains. If one were to go 

into an ordinary corn field and 
of oe rants ae Prodee” bye cela selfepollinate 100M ears: ane mime 


the ear at the right of which approximately 


one-fourth of the seeds are defective. If next year plant each of these 
these defective seeds are planted they will 100 ears in separate rows, some 
produce small stunted plants. : : P 4 K 
interesting observations might 
be made. A few of the 100 rows would show approximately three 
green seedlings to one white, a few would show three green seed- 
lings to one yellow, and still others would show other kinds of 
defective young plants. Some of the 100 rows would of course 
show nothing but normal green plants. Here, then, is evidence of 


the marked hereditary differences that exist in 100 self-pollinated 
ears of commercial corn. 


In 1920 the artificial self-pollination of corn was begun at the 
West Virginia Agricultural Experiment Station. There are now 
something like 200 inbred strains established, some of which have 
been self-pollinated for eight successive generations. A few years 
ago one of these strains produced some self-pollinated ears, one- 
fourth of whose seeds were defective (See Figure 5). The defect- 
ive seeds and the normal seeds from the same ear were planted in 


separate rows. The difference in the plants coming from these 
two kinds of seed may be seen in Figure 6. 


One of the corn diseases which causes considerable damage 
in West Virginia is smut. The inbred strains of corn on the Agron- 
omy Farm at Morgantown are grown under conditions which 
encourage the development of corn smut. Some of the inbred 
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strains are very susceptible to this disease and others are highly 
resistant. The two inbred strains shown in Figure 7 were both 
isolated from the Leaming variety. One of the strains is very sus- 
ceptible to smut as is evident from the large smut boils near the 
base of the plants, whereas, the other strain does not show any 
evidence of the disease. 


From these observations and many others of a similar nature 
it is concluded that the ordinary variety of corn is made up of a 
mixture of a great many characteristics, some desirable and others 
not. It would seem then that a logical method of improving corn 
would be: (1) to practice inbreeding, (2) to eliminate the more 
undesirable strains, and (3) to hybridize the more desirable ones, 
thus producing a new variety. In fact this is essentially the method 
being followed at most of the agricultural experiment stations 
where corn breeding is carried on. This method, however, is much 
too expensive for the practical farmer. 


The inbreeding of corn shows in a striking manner that the 
ordinary corn field contains many different kinds of corn plants 
and for this reason, it appears that seed ears for commercial plant- 
ing should be selected in the field, where attention may be given not 
only to the ear but, what is perhaps more important, to the stalk 
which produces the ear. The only place where this can be done is 
in the field. 


Fig. 6.—The corn plants in the rows at the left came from defective seed and those 


in the two rows at the right came from normal seed. Note the poor stand and inferior 
plants produced by the defective seed. 
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Fig. 7.—Two strains of corn which have been isolated from the Leaming variety by 
self-pollination. Note the difference in smut infection. The strain at the right has large 
smut boils near the base of the plants, whereas the strain at the left is free from smut. 


Buy Locally Grown Seed 


Sometimes a farmer is forced to purchase his seed corn from 
a neighbor or a seed firm. It is very important that such purchased 
seed be adapted to the conditions under which it is to be grown. 


A few years ago the Agronomy Department conducted varietal 
experiments at several places in the state and compared local vari- 
eties with varieties that had been produced elsewhere, but which 


had been selected especially for high yield. In general, the local 
varieties yielded as well as, or better than, the introduced varieties. 
This shows that with corn it is particularly important to obtain 
seed of a strain or variety adapted to the local conditions. Such 
seed can usually be obtained best by selecting ears from a local 
strain or variety which is known to have high yielding ability. It 
is almost always safer to take a chance on locally-grown seed corn 
than on seed introduced from a considerable distance, or seed which 
has been grown under widely different conditions. 
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Select Seed in Field 


It has been emphasized repeatedly that seed corn should be 
selected in the field from standing stalks. It is only under such 
conditions that consideration may be given to the stalk which bears 
the ear. One of the prime requisites of high grade seed corn is that 
it be mature. By field selection it is possible to pick the ears only 
from those stalks which show evidence of maturing in a normal 
season. This is of particular importance at the higher altitudes. If 
a plant matures normally the husk on the ear becomes dry while 
the stalk and leaves are quite green. Seed corn should always be 
selected before a killing freeze. 


It is preferable to select seed ears from corn that has been 
planted in hills rather than drill rows, because under the former 
conditions it is easier to pick out the superior plants that are supe- 
rior because of their inheritance. A plant growing at the border of 
a field or standing alone may be superior because of the favorable 
circumstances for growth. Seed ears should be selected from supe- 
rior plants which are growing in competition with other plants. 
It is best to select seed ears from perfect stand hills surrounded by 
perfect stand hills. 


Corn is attacked by several diseases, the most serious of which 
are smut and the rots of the ear, stalk, and root. As the result of 
a study conducted a few years ago by the Illinois Agricultural Ex- 
periment Station it was estimated that where inferior and infected 
seed is used, losses to the corn crop from disease may be conserva- 
tively placed at 20 percent.* 


There are numerous manifestations of diseased corn plants 
and such plants should be avoided in selecting seed ears. Plants 
which have a tendency to lodge as a result of decayed roots are 
likely to be badly diseased. Smut boils, premature ripening, stun- 
ted growth, and broken shanks are warning signals that should be 
heeded. A shredded or discolored scar where an ear is broken from 
the shank may indicate a diseased condition. 


If a plant matures normally the husk on the ear will be dry 
while the leaves and stalk are still somewhat green and it is at this 
stage of maturity that seed selections should be made. It is well to 

*Holbert, J. R., W. L. Burlison, Benjamin Koehler, C. M. Woodworth, and Geo. H. 


A he root, stalk, and ear rot diseases and their control through seed selec- 
esa peccdinies Illinois Agr. Exp. Sta. Bul. 255:239-478, 1924. 
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select ears which have their tips well covered with husk as such 
ears are better protected than those with exposed tips. A heavy 
covering of husk over the entire ear affords some protection from 
the corn ear worm. Seed ears should never be selected from stalks 
that show symptoms of disease. 


The object of selecting seed ears in the field is to increase 
yield or to maintain high yield already attained. In order to accom- 
plish this, only vigorous, well-matured ears that are borne at a 
convenient height on the stalk should be selected. After the field 
selections have been made such ears as show obvious mixtures or 
abnormalities like flattened cobs should be discarded. It is usually 
advisable to select considerably more seed than will actually be 
needed for planting. Well-matured and well-cured two-year old 
seed corn is better than inferior one-year old seed. Then, too, it is 
usually easy to dispose of high-grade seed corn. In the field, vigor- 
ous, matured ears should be selected regardless of type. 


The next step in obtaining desirable seed is to place the selec- 
ted ears in a dry well-ventilated room as soon as they come from 
the field. The ears should be stored in such a way as to allow a free 
circulation of air around each ear. This may be accomplished by 
using any one of several types of seed corn hangers or “trees.” 


A satisfactory hanger may be made with woven wire and any 
two-by-four uprights. The woven wire, which should have meshes 
large enough to permit ears to be passed through easily from side 
to side, is fastened by two two-by-fours of suitable length and a 
convenient distance apart. One length of the woven wire is placed 
on each side of the uprights in a manner such that the complete 
rack resembles a double woven wire fence with the meshes opposite 
and four inches apart. 


If stored in a dry, well-ventilated room, under ordinary condi- 
tions, seed ears will become sufficiently dry before they are likely 
to be injured by severe freezes. Sometimes it is advisable to use 
moderate quantities of heat (not above ordinary temperature in 
a living room) to facilitate curing. Excessive artificial heat should 
not be applied to seed ears, particularly if they are full of moisture, 
as the germination is likely to be lowered 


As soon as they are brought from the field, seed ears should 
be stored ina dry, well-ventilated room in such a manner as to allow 
a free circulation of air around each ear. 
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Even though seed ears have been selected in the field and cured 
properly, it is not safe to assume that they will germinate vigor- 
ously. Each ear should be carefully tested by taking about six 
seeds from different parts of the ear and placing them in a germi- 
nator. A “ragdoll’ which can easily be made with materials usually 
at hand serves well as a germinator. Such a tester may be made by 
cutting out a strip of muslin about eight to ten inches wide and 
about three feet long. Straight lines at intervals of two to two and 
one-half inches should be drawn with a pencil or crayon crosswise 
of the strip of muslin, and the rectangles formed by the lines num- 
bered to correspond with the ear numbers. A piece of heavy wrap- 
ping paper of about the same size and shape as the strip of muslin 
will also be needed. 


To make the germination test, the muslin should be wet and 
placed with the numbers face up on the strip of paper which previ- 
ously has been placed on a table or flat surface. Next, a seed sam- 
ple from each ear should be placed in its proper rectangle, arrang- 
ing the seed in a single row about midway between the parallel 
lines. The seeds in each row should be spaced at about equal distan- 
ces apart and the seed tips should all point in the same direction. 
The “long way” of the seed should be placed at right angles to the 


. 8.—Two “rag dolls,” the one at the right is rolled and fastened with rubber 
Sees to be Slated in water, the other one is partly rolled and shows the seed in 
the correct position. Each vertical row of seed represents a single ear. 
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“long way” of the muslin (See Figure 8). 


After a sample of seed has been placed in each rectangle, the 
paper and muslin should be rolled up carefully and a rubber band 
placed around each end of the “doll.” The “dolls” containing the 
corn should be allowed to soak in water for a few hours and then 
placed in an upright position so that all the seed tips are pointing 
downward. They should be kept in a warm moist container. 

On the sixth or seventh day the seed may be examined and any 
ear whose seed sample shows weak or badly discolored sprouts, an 
abundance of mold, or any other symptom of disease should be 
discarded as well as those ears whose seed fails to germinate. After 
a strip of muslin has been used for a germination test it should be 
boiled for fifteen or twenty minutes before it is used again. Hach 
seed ear should be tested for germination before planting time. 


Ear-to-Row Breeding 


A few years ago considerable prominence was give to contin- 
uous “‘ear-to-row” breeding as a method for producing high yield- 
ing seed corn. During recent years this method has been under 
investigation and the results show that the additional labor and 
expense involved do not justify its use. In no case has an increase 
in yield been demonstrated in a well-adapted variety by the use of 
continuous ear-to-row breeding. For the practical corn grower the 
selection of seed ears in the field from standing stalks according 
to the method outlined in this circular is much more satisfactory 
and probably just as likely to increase or maintain yield as any 
ear-to-row method. 


Show Corn Versus Seed Corn 


The ten-ear sample which is awarded first prize by the judge 
at a corn show is not necessarily the most valuable sample for seed 
purposes. Show corn does not mean seed corn, but unfortunately 
these terms are frequently confused. In show corn, uniformity of 
type is prized very highly, whereas in seed corn it is not as impor- 
tant. Such characteristics as maturity and freedom from evidence 
of disease and from varietal mixtures are desirable in both show 
and seed corn. A close selection for uniformity is not necessary 
for selecting good seed corn. | 
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Show corn is valuable largely for its appearance, but seed corn, 
on the other hand, is valuable for what it will produce. It is impos- 
sible to ascertain with any degree of certainty the potential yielding 
ability of an ear of corn from its appearance. A vast amount of 
literature has been written describing studies of the relationship 
between ear characteristics and yield, but in no case has a close 
positive relationship been found. In other words, no ear charac- 
teristic is closely enough related to yield to have much value as an 
index of selection. A possible exception to this general rule is in 
the case of roughly indented, starchy ears. The Illinois Experiment 
Station has found that such ears are likely to be diseased and there- 
fore should be eliminated. 


It is not the purpose here to belittle the value of a corn show. 
There is no question but that these shows have served a very useful 
purpose in stimulating an interest in corn production. Where is 
the farmer who does not get a certain amount of satisfaction out 
of growing and selecting a prize winning sample of corn? \Never- 
theless, it is important to keep in mind that the best show corn is 


not necessarily the best seed corn. 


A practical rack for curing and storing seed corn. 
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Certified 
Seed Corn 


Tt ‘Pays 3) ik 


+ hie DEMAND for te ene certified 
seed corn is considerably greater than 
the supply. Not only can it be sold readily, 
but also at a premium that makes it profitable 
to grow it. 


To have your seed corn certified, it must be 
inspected and approved by the West Virginia 
Crop Improvement Association. You must 
begin with certified seed, however, of an im- 


proved variety, and have the crop inspected 
in field as well as the seed ears after harvest- 
ing. 


No charge is made for this service. 


Write for folder ov "Certified Seed" 


In order that you may have your 
field of corn inspected so that the seed 
you select may be certified, address your 
request to the secretary of the 


West Virginia 
Crop Improvement Association 


Oglebay Hall, Morgantown, W. Va. This seal on your seed corn will 
| aid you in selling it. 


RULES FOR RAISING DAIRY CALVES 
AND HEIFERS 


1.—Leave the calf with its mother for the first two days 
after birth so that it will be sure to get the colostrum milk. 


2.—Feed whole milk for at least the first two weeks. 


3.—Make the change from whole milk to skim milk or 
milk substitute gradually. 


4.—Weigch the feed to avoid overfeeding, as overfeed- 
ing is liable to result in scours. Keep the pails clean. 


5.—Always give the feed at a uniform temperature. 
Use a thermometer. 


6.—Feed small amounts of grain and hay as soon as 
the calves will consume them and gradually increase the 
amounts as the calves grow older. 


7.—Tie the calves up, so that they can be fed sepa- 
rately. 


8.—Keep calves and heifers growing normally at all 


times. (Note Table 30.) 


9.—Grow heifers on as large amounts of pasture and 
roughages as possible; legume roughage is best. 


10.—Do not breed heifers at too early an age, or they 
may never become full size. 


Raising Dairy Calves and Heifers 


West Virginia had approximately 219,000 dairy cows in 1928. 
The average age at which a cow is removed from the herd in the 
United States has been found to be about eight years. Accepting this 
age for West Virginia and assuming that a cow gives birth to her first 
calf at two and one-half years of age, and to one calf each year there- 
after, which means the average cow can give birth to five calves in 
her life time, 43,800 calves must be raised every year in order to 
maintain the present number of dairy cows in the state. 

Near the larger cities where the price of milk is high, many dairy- 
men instead of raising calves, depend upon purchasing cows with 
which to maintain their herds. This method of herd maintenance 
has several disadvantages. Quite often the only cows that can be 
purchased are culls which the owner himself does not want, and if the 
best cows are purchased the price asked is usually very high. Further- 
more, the buyer always runs a great risk of bringing diseases, such as 
tuberculosis and abortion, into the herd. 

Herd improvement can best be brought about by replacing dis- 
carded cows with heifers of good breeding and type that have been 
well raised. Since it is a well known fact that the dairy cow inherits 
her milk producing ability, the surest and most practical way to im- 
prove a herd is for the dairyman to raise his own heifer calves from 
the best cows in his herd, using a good purebred bull for breeding. 


Care of the Cow Previous to Calving 

It has been said that “‘the care of the calf begins with the care of 
the cow.” In any event, practice has proved that the best results are 
to. be expected at calving time only when the cow is in good physical 
condition. 

In order to have the cow in good physical condition she should 
be dried off six to eight weeks prior to time of freshing. During this 
“rest period’’ she should be fed a ration that is nutritious, laxative, 
and easily digested. Equal parts of corn meal, wheat bran, ground 
oats, and linseed meal make a satisfactory grain ration. When fed 
with silage and legume hay, this ration meets the requirements very 
satisfactorily. The feeding problem of a cow soon due to freshen is 
practically solved when the cow has access to good pasture for pasture 
grasses are nutritious and have the desired laxative effect. If the cow 
is very thin, however, she should receive from four to five pounds, or 
even more, of the foregoing grain mixture daily. 


With proper care a cow’s chances of calving normally and producing a healthy calf 
are greatly increased. 


Care of the Cow at Calving Time 


If the cow is confined to the barn, a few days previous to the 
time of calving she should be put into a clean, well-bedded, box stall. 
The stall should be of ample size for the cow to move around freely. 
During warm weather a clean grassy spot in the pasture field is a 
good place for calving. 

About a week before the cow is due to freshen her grain ration 
should be reduced. Silage should be eliminated a week or so before 
calving. The feeding of a bran mash for the last few feeds before 
calving is recommended, as it has a cooling and laxative effect. 

It is essential that the action of the cow’s bowels be in a free 
and laxative condition at calving time. If there is any tendency to- 
ward constipation, | to 114 pounds of Epsom Salts should be given 
the cow either as a drench or in the feed, at least a day or two before 
calving. 

It is good practice to keep watch of the cow at calving time as 
a few minutes attention at this time may save the life of the calf. The 
experienced herdsman can calculate fairly closely as to when the calf 
will come, by noting the falling away on each side of the tail head, 
the loosening of the vulva, and the distention of the teats. Although 
it is not always necessary for the attendant to be present while the 


cow is calving, yet he should be near by so that he can give assistance 
in case it is needed. 
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Care of the New Born Calf 


If the cow calves normally, she will usually begin immediately to 
lick the calf. This aids in starting respiration, in improving the cir- 
culation, and in drying it off. In severe weather and when the mother 
fails to lick the calf, it should be rubbed briskly with a dry cloth or 
feed sack in order to hasten drying and to start the blood circulating 
rapidly. 

Sometimes the foetal membrane covers the nostrils and com- 
pletely shuts off the air. In such cases, the membrane should be re- 
moved promptly. It is always desirable to disinfect the navel of the 
new-born calf with a strong solution of creolin or other disinfectant, 
after which it should be washed with tincture of iodine. ‘This pre- 
caution will prevent disease germs from entering through the navel. 

A vigorous calf will attempt to rise in about fifteen to twenty 
minutes and usually will be nursing within half an hour. The weaker 
the calf is, the longer the time will be before it is able to get up and 
nurse. Occasionally some calves are unable to get up on their feet at 
all without assistance. In such cases it is necessary to aid them while 
nursing by holding them up to the cow’s udder. 

It is very important that the calf should receive the first or 
colostrum milk. This first milk is laxative and in addition has other 
properties which are essential to starting growth in the young calf. 


The new-born calf should be carefully watched for the first hour, and in case it is 
not able to rise and nurse in that time, it should be given assistance. The colostrum milk 
is essential in starting growth. 
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In case of an unnatural condition in which the calf cannot receive the 
colostrum milk, a teaspoonful of castor oil should be given every 
two hours until there is a movement of the bowels. 


Teaching the Calf to Drink 


The calf should be left with the cow for two or three days to 
receive the colostrum milk, after which it should be removed and 
taught to drink milk from a pail. 

The longer a calf is nursed by the mother, the harder it will be 
to teach it to drink from the pail. By instinct, a calf stretches its nose 
upward to receive its nourishment. In learning to drink from a pail, 
however, it must be taught to reach downward. No better way of 
teaching a calf to drink is known than the simple method of putting 
one’s fingers in its mouth, and with one motion bringing its head into 
a pail containing a small amount of whole milk, so that its mouth 
comes in contact with the milk, and then carefully withdrawing the 
fingers, while holding its head down. It will probably be necessary 
to crowd the calf into a corner, and to stand astride of its neck, in 
order to teach it to feed in this way. 


Some calves will learn to drink after the first attempt; with 
others it is quite a long process. It is usually best to omit the first 


The first step in teaching a calf to drink from a pail. 


The second step is to bring calf’s mouth in contact with the milk and carefully 
withdraw the fingers while holding its head down. 


feeding period so that the calf will be eager for its milk. It is desir- 
able to use fresh whole milk for this purpose, and especially if the 
calf is young. Whole milk is best for the calf, and should be fed for 


at least the first ten days, if possible. 


The milk should be fed at an even temperature of about 199 
degrees Fahrenheit. The alternate feeding of warm and cold milk 
is likely to cause scours. During the second week the amount of 
milk can be slightly increased, provided, of course, that the calf is 
healthy. Within ten days or two weeks the gradual substitution of 
skim milk or other milk substitutes may be begun. 


METHODS OF RAISING CALVES 


Usually, whole milk is too expensive to feed to calves after they 
are ten days or two weeks old. In many sections of West Virginia 
cream or butter is the main dairy product sold and there is plenty of 
skim milk available on the farm for calf raising. Farmers thus sit- 
uated are fortunate, and do not have a very serious problem in raising 
their calves. In other sections, whole milk is sold from the farm and 
hence little skim milk is available. On such farms the raising of 
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calves is somewhat of a problem. There has, however, been worked 
out definite, carefully tried, methods of feeding which take care of 
these different conditions. 


Raising Calves With Skim Milk 
CHANGING FROM WHOLE TO SKIM MILK 


The calf should get a good start before the change from whole 
milk to skim milk is made. Usually it does not pay to begin feeding 
skim milk until the calf is ten days to two weeks of age and then the 
change should be made gradually. For the first day or two a pound 
of skim milk should be substituted for an equal amount of whole milk 
and then later larger amounts of whole milk can be replaced. It will 
usually require about a week to get the calf entirely on skim milk after 
which the amount of skim milk can be increased as the appetite of 
the calf indicates until 16 to 20 pounds are being fed at the time the 
calf reaches the age of six months. 


TEMPERATURE AND QUALITY OF THE MILK 


The temperature of the milk is an important consideration, 
especially for very young calves. As previously mentioned, the skim 
milk should be warmed to about the temperature of milk fresh from 
the cow, which is approximately 100 degrees Fahrenheit. It is always 
well to use a thermometer to test the temperature. Judging the tem- 
perature by means of the finger cannot be relied on. When the calf 
is two or three months old, it is not so necessary to warm the milk, 
although even then calves can be raised with less digestive troubles if 
the milk is warmed. The feeding of warm milk at one feeding and 
cold milk at the next is very liable to upset the digestion of the calf. 


In order to get the best results, skim milk should always be fed 
when it is fresh. There is no easier way to upset the digestive system 
of the young calf than by feeding sweet milk at one feeding and sour 
milk at the next. Sour milk can be fed successfully to calves, but 
extra precaution must be taken to make sure that it is always sour and 
of uniform quality. 


If the skim milk is obtained from the creamery, it is very neces- 
sary that it be pasteurized before being fed to calves. Otherwise the 
milk may carry disease germs which might infect the herd. Most states 


have laws requiring such milk to be pasteurized, before being returned 
to the farmer. 


Skim milk can well be fed for the first six months, and if the 
supply warrants, may be fed for even a longer period. 


A well grown calf at four months of age that was raised on skim milk. 


FEEDING GRAIN AND ROUGHAGE WITH SKIM MILK 


It is at once recognized that when skim milk is fed, the milk fat 
must be replaced in its feed if the calf is to make normal growth. The 
calf should be induced to eat grain as soon as possible. Ordinarily the 
calf will consume a little grain at from two to three weeks of age. 
Corn is one of the cheapest of replacement feeds, and can be fed 
either cracked or ground until the calves are about six months of age 
after which it should be ground. 


A grain mixture that has generally proved satisfactory consists 
of 3 parts cracked corn, 3 parts ground oats, 3 parts wheat bran, and 
1 part linseed meal. Another good mixture is composed of 2 parts 
wheat bran, 2 parts ground oats, and | part linseed meal. 


Many combinations of grains can be fed satisfactorily. The 
principal thing to bear in mind in selecting the grain ration is the 
necessity of obtaining a grain which will supply nutrients to replace the 
milk fat. At first only a small amount of grain should be fed. This 
amount should be gradually increased as the calf grows older. It is 
best to keep the calf’s appetite keen rather than to dull it by over- 
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feeding. The use of scales in weighing the grain fed to calves is 
recommended. 

Generally the calf will begin to eat hay about the same time it 
begins to eat grain. The calf should be allowed free access to the 
hay which should be leafy and of good quality. This should be fed 
at first in small amounts only and be put in fresh every day. Clover 
hay is one of the best roughages for calves. Alfalfa is good, also, 
but is slightly too laxative for young calves. When it is fed to young 
calves they should be watched closely to see that their bowels do not 
move too freely. The calf may be fed small amounts of silage after it 
is three months of age. 

It has been calculated that under a system of liberal skim milk 
feeding the following amounts of feed will be required to raise a calf 
to six months of age: 


Whole milk 12 to 25 gallons Grain 150 pounds 
Skim milk 260 to 350 gallons Hay 500 pounds 


A schedule to serve as a guide for feeding skim milk with grain 
from birth to six months of age is given in Table |. 


TABLE 1.—Daily Feeding Schedule for Calves Up to Six Months of Age With 
Skim Milk as the Major Feed. 


Breed Age of Calf eecaeets ey (eo | Hay 
e 1 to 3 days With dams 4) 2sSsce:. cc 0) |p ck nn eee eee 
2 | 3 to 14 days 8 to 10 Fe oes | RP Scares 
3 | Zto3 weeks | I0to 1* pieces Onp | Vy Free access 
a eo. CosPewieels opal) -qae7 ar 10 VY Free access 
a a | Cater D TRIAS | eed aoa 11 WA Brectaccess 
ot 5 touGiwee ksi in teas 12 % Free access 
o ISOuto Siweeksaua ||| lr a ae 13 ] Free access 
5 | 8tol2 weeks | ....... 14 2 Free access 
 ZEtor2 4weelcs | | Pe 16 3 Free access 
6 1 to 3 days With dam2.)| 22 2.4¢:% i ee ee 
2B Baton 4idayseaen| amg! Oktomlh2 ae |e Btn MeulWesnth eee 
- - 2 to 3 weeks I 2stomli ton l2s Ye Free access 
g 6 (B3ctos4 weels mans ana ennen 2 WA Free access 
a 4 to 5 weeks | 3 tac MAE 14 Y Free access 
na 5 to 6 weeks | Bt tr 15 4, Free access 
5 Ortop Giawieelcs inn manent 15 1 Free access 
a \eSstosl Zeweekemn| suena 16 2 Free access 
7 I2etor2 4 weekes| ae 16 to 20 3 Free access 
| 


ee 
*Gradually decreased. 7Cradually increased. 
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WHEY AND BUTTERMILK FOR CALVES 


The analysis of buttermilk is very similar to that of skim milk 
and so the same supplements that were used with skim milk can be 
used successfully in raising calves on buttermilk. On most farms, 
however, where buttermilk can be obtained skim milk is also avail- 
able. As a rule, it will be found that sweet skim milk grows a better 
and thriftier calf than does buttermilk or sour milk. Some experi- 
ments, however, show that calves fed buttermilk are less subject to 
scours than those fed skim milk. 

Whey has a higher percentage of water, a much lower amount of 
protein, and about the same amount of fat and sugar as does skim 
milk. When whey is fed the grain mixture supplement must contain 
a high percentage of protein. Linseed meal is often mixed in the 
whey asa gruel. If whey must be fed, it should not be fed until the 
calf is five or six weeks old. After that age good calves can be 
raised on whey, provided the whey is supplemented with the proper 
concentrates and the calves are given the best of care and attention. 


Raising Calves With But Little Milk 


On many farms where whole milk is sold there is little or no 
skim milk available for calf feeding. Under these conditions there 
are two methods which may be followed satisfactorily in the raising 
of calves. These methods are: (1) Raising calves with a minimum 
amount of milk; and (2) Raising calves with milk substitutes. 


THE MINIMUM AMOUNT OF MILK METHOD 


This system of calf raising has been used successfully at many of 

the experiment stations and on dairy farms. The method consists of 
giving the calves a good start on whole milk or whole milk and skim 
milk for about two months after which their ration consists entirely of 
hay and grain. The secret of the success of this method is to give the 
calves a good start before they are weaned from the milk. The calves 
should also be fed as much milk as they can handle up to 15 or 16 
pounds daily, depending upon their size and condition. If they are 
large, vigorous calves the milk may be omitted from the ration at 
about two months of age, but for less vigorous animals the milk should 
be continued a few weeks longer. 
_. It is essential, under this system, that the calves be taught as 
enor as possible to eat grain and hay, which should be fed liberally. 
The grain mixtures and roughage used under this method may be the 
same as those recommended for calves raised on skim milk. 
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Good healthy calves can be raised by this method, but ordinarily 
they are not quite as well grown at six months of age as are those that 
are fed milk. Experiments and practice have shown, however, that 
calves raised under this system when well fed will be as large at time 
of freshening as those fed skim milk until six months of age. 

It has been calculated that under the ““minimum amount of milk 
method” the following amounts of feed will be required to raise a 
calf to six months of age. 


Whole milk 24 to 30 gallons Hay 400 to 500 pounds 
Skim milk 70 to 80 gallons Grain 500 pounds 


MILK SUBSTITUTES 


Calf Meals.—Raising calves satisfactorily on calf meals has been 
demonstrated as possible, but results have shown that it is more diffi- 
cult than when whole or skim milk is used. The calf meals are not as 
easily digested as milk or milk powders and more care must be taken 
to avoid digestive disorders. There are several proprietary calf meals 
on the market. When these are fed the directions of the manufacturer 
should be followed closely. Several experiment stations have experi- 
mented with home mixed calf meals. Probably the simplest one, 
giving good results, is the one recommended by the Purdue Experi- 
ment Station which is as follows: 


Linseed Meal 1) 
{ 


Hominy Feed Equal parts 
Red Dog Flour { by weight 
Dried Blood 


The calf meal is fed in the form of a gruel. When the calf is a 
week to ten days of age a small amount can be mixed with the milk. 
The amount can then be increased gradually and mixed with water in 
the proportion of one part of meal to seven parts of water and fed 
at a temperature of about 95 degrees Fahrenheit. The feeding sched- 
ule given in Table 2, which is based on recommendations made by 
Swett* will serve as a guide in the feeding of calves on calf meal. 


Dry Skim Milk, Dry and Semi-Solid Buttermilk.—Sometimes it 
is almost impossible, or at least very inconvenient for the dairyman 
who sells his milk to provide even a small amount of skim milk for calf 
feeding. In such cases it has been found that skim milk powder, but- 
termilk powder, or semi-solid buttermilk can be used satisfactorily in 
the place of skim milk. Dried skim milk is perhaps the most satisfac- 
tory. In preparing it for use, it should first be made in the form of a 
thick paste with a small amount of water and stirred until all the 


*Cir. 88, Mo. Agr'l Exp. Sia. 
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TABLE 2.—Daily Feeding Schedule for Calves Up to Six Months of Age, With 
Calf Meal as the Major Feed. 


Age of Calf Milk | Gruel Grain 
(Pounds) | (Pounds) (Pounds) Hay 
| 

I to 3 days Leave with dam | Sie ee Aee ©.) Erg gece 

3 to 14 days LO RPV |) Se ae en rout ne Neen [ee eee CRS 
2 to 3 weeks 9 | {at recy [peer totes ee es 

3 to 4 weeks 9 | 5) iy Free access 
4 to 6 weeks 6 6 Y% Free access 
6 to 8 weeks Hee PP A hee Ch. A 12 VY Free access 
SEtomlZe.weeksie in 2 en... 14 | Free access 
[2s tomhGeweelks Win a, | 14 2 Free access 
lomtos 20mweeks= |)" 6. we. ss ie 4 Free access 
LOMtOE? a weelkss)| te, 5. ae 2 | ae 414 Free access 


lumps are eliminated. It can then be mixed with water in the pro- 
portion of one part of the powder to nine parts of warm water and 
fed in the same way, and in the same amounts, as ordinary skim milk. 
In fact it can be fed alternately with ordinary skim milk without in any 
way affecting the digestive system of the calf. This is an advantage 
to the dairyman who may have a surplus of milk at one time and a 
shortage at other times, since he can keep some dried skim milk for 
periods of shortage. 

Powdered buttermilk can be used in the same way but greater 
care must be used in starting the calves on it, on account of its 
acidity. Semi-solid buttermilk can also be used, but it is not as sat- 
isfactory as the dried, especially in the summer as it will not keep so 
well. It should be mixed with about three times its weight of warm 
water. 

These products are usually higher in price than skim milk but 
are not as high as whole milk. 


Management of Calves 


A regular routine should be followed in the feeding of calves as 
with all dairy stock. The milk feeding pails should be washed after 
each feeding since dirty pails are usually the source of many digestive 
disorders. Metal pails with well soldered seams should be used as 
they are much easier to keep clean than wooden pails. ‘The mangers 
should be kept fresh and clean. 

The pen for young calves should be warm, dry, and well bedded, 
especially under winter conditions. Stanchions should be provided in 
which to fasten the calves when being fed milk. Otherwise, all may 


A poor method of feeding calves that should not be followed. Often some are 
crowded out and do not get their share, and sucking is encouraged. Stanchions as shown 


on the cover of this circular are recommended, with a trough for feeding grain immediately 
after the milk. 


not get their share of feed, and furthermore, they may learn to suck 
one another. The feeding of grain just after the feeding of milk while 


they are still fastened in the stanchion will also aid in preventing the 
sucking habit. 


Digestive disorders are the most common of calf ailments and 
can be controlled largely by feeding warm milk (95% tor 1OOS Ra sin 
clean pails, always being careful not to overfeed milk or grain. The 
calf should have free access to both water and salt. With the ex- 
ception of freedom for exercise there is little advanta 


ge in pasture 
for calves under six months of age. 


RAISING THE HEIFER 
From Six Months to Freshening 


The first six months constitute by far the most expensive period 
in raising dairy calves. This is true both from the standpoint of cost 
of feed and labor. After calves have reached six months of age 
they do not require as much attention as before. 


The main consid- 
eration then is to keep them growing normally. 
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FEEDING GRAIN AND ROUGHAGE 


Growing heifers are unproductive, and every dairyman wants 
to raise his heifers as economically as possible. Generally speaking, 
the roughage is the cheapest part of the ration, and dairy cattle are 
adapted to using relatively large amounts of roughages. Hence, one 
of the first considerations is to supply the heifers with as much rough- 
age as they will clean up. Legume roughages have the advantages 
that they supply larger amounts of protein and also of mineral matter 
than the other roughages. Silage furnishes an economical part of the 
ration for dairy heifers. Experiments have shown that legume hay 
and silage when fed together make a combination which gives satis- 
factory growth, but maximum growth cannot be obtained where 
either of these feeds are fed alone. 

The addition of grain to the ration of growing heifers under ten 
months of age has proved to be a paying proposition. This is espec- 
ially true of the period following weaning from milk. If grain is dis- 
continued after the calves are taken off skim milk, they will not con- 
tinue normal growth. One of the most satisfactory rations for this 
period consists of 100 pounds corn meal, 100 pounds of wheat bran, 
and 100 pounds of linseed meal. 

The following practical winter rations, recommended by Eckles,* 
have proved quite satisfactory. 

1.—When silage and legume hay is on hand, or can be pur- 
chased economically, the ration suggested is as follows: Corn silage 
and alfalfa, clover, cowpea, or soybean hay at will; and for animals 
less than ten months old two pounds of grain daily in addition. The 
grain fed may be corn, or a mixture of other grains if the cost per 
pound is less. For heifers within three months of calving, two to five 
pounds of grain should fe fed daily, depending upon condition. The 
object is to have them in good flesh at calving time. 

2.—When corn silage is on hand, but no legume hay, a satis- 
factory ration is silage at will for roughage, with some dry feed, such 
as hay or fodder. Two or three pounds of concentrates should be 
fed daily, one-half of which should be a high protein feed such as 
gluten feed, linseed meal or cottonseed meal. The remaining half may 
be corn, oats, bran, or any other mixture, if cheaper per pound than 


corn. 

3.—When an abundance of legume hay, but no silage, is on 
hand a satisfactory ration is alfalfa, clover, cowpea, or soybean hay 
at will, and two pounds of corn daily. Other grains may be sub- 


*Bul. 158, Mo. Agr’l Exp. Sta. 
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stituted with economy if the cost per pound is less than corn. Ona 
ration of legume hay dairy heifers will do fairly well but will not make 
a normal growth. It is believed to be economical, as a rule, to feed 
a limited amount of grain in addition. 

4.—When corn fodder, kafir fodder, or timothy hay is on hand, 
but no silage or legume hay, it is generally best to purchase legume 
hay. The suggested ration is legume hay one-half, timothy hay one- 
half and corn fodder at will. With this should be fed a grain mixture 
composed of one part gluten feed, cottonseed, or linseed meal, and 
two parts corn. Other concentrates may be used in place of corn if 
the cost per pound is less. 

If legume hay cannot be purchased, more grain must be fed for 
even fair results. Under these conditions the ration suggested is: 
Hay and fodder at will, with five pounds daily of a grain mixture 
composed of one part corn, one part bran, one part cottonseed meal, 
linseed meal, or gluten meal. 

Two or three months prior to calving the heifers should receive 
additional grain. A good mixture during this time is made up of 
equal parts of corn meal, ground oats, wheat bran, and linseed meal. 

Experiments at the West Virginia Agricultural Experiment Sta- 
tion, which check with those of other stations, show that it does not 
pay to feed heavy grain rations to heifers during the winter feeding 
period. The heifers which make big gains during the winter generally 
do not gain as much during the pasture season as those which make 
only average gains during the winter. It has been found that the 
heifers making normal gains in the winter show more gain the next 
summer on pasture than do those that make a big gain in the winter. 


PASTURING 


Fall calves can be turned on the pasture the following spring, 
but spring calves, as they do not get much benefit from pasture the 
first summer, need not be turned to pasture excepting for exercise. 
With calves six to ten months of age it is desirable to feed some grain 
even on good pasture, as the digestive system of the young heifer has 
not been developed to handle as large amounts of grass as are nec- 
essary to furnish the nutrients for proper growth. In other words the 
calves can not consume enough grass to keep them growing steadily. 

Many farmers make the mistake of turning the calves on pasture 
too early in the spring. By all means, the pasture should have a good 
start before the herd is turned on. Often during August the pasture 
becomes dry and scarce. During this hot and dry period the pasture 
should be supplemented with a small amount of grain. 


NORMAL GROWTH 
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The main considerations in the management of heifers from six 


months to freshening is to see that they are attaining proper growth. 
Table 3, which was prepared by Eckles, is included as a means of 
checking the normal growth of dairy heifers. 


The ration should be such that the heifers will make at least 
normal growth for the breed. Many dairymen are obtaining growth 


TABLE 3.—Normal Weight and Height at Withers of Females During Growing 


Period.* 
Holsteins Jerseys Ayrshire 
Beare | Ware tere «|S | weet (oe 
(Inches) (Pounds) (Inches) (Pounds) (Inches) (Pounds) 
Birth 2353 90 26.0 5D mae 69 
| S02 121 Dilked, 76 BU 90 
Je SVAN: 157 29.4 105 29> 128 
3 34.2 200 VNho? 140 Ble 170 
4 36.2 249 529 174 BN) 5 I 218 
5 38.0 302 3 5a) 222 SHetsi| 254 
6 BRIE 349 36.49 260 36.4 286 
7 40.9 389 381 302 37.3 304 
8 42.2 425 39.3 340 3855: 336 
9 42.9 466 40.5 376 3950 366 
10 43.8 501 41.3 407 39R6 406 
11 44.3 529 41.9 432 40.1 427 
12 44.8 558 AAG 456 40.7 456 
13 45.6 574 43.3 480 41.3 485 
14 46.2 596 43.8 503 42.0 533 
15 46.8 612 44.4 520 42.4 547 
16 47.4 643 44.6 533 aw 560 
17 47.7 660 45.1 553 43.1 579 
18 47.9 686 45.5 De 43.7 604 
19 48.3 ANS 46.0 598 44.2 627 
20 48.7 746 46.3 621 44.6 651 
21 48.9 774 46.5 649 44.9 679 
22 49.2 796 46.8 668 45.4 707 
25 49.5 824 AY y2. 689 45.6 733 
24 49.8 84] 47.4 716 45.9 759 
25 50.2 869 737 46.6 798 
26 BOs 893 Nokes 758 46.7 807 
27 50.9 925 48.0 770 46.8 859 
28 Sys 966 784 46.9 
29 Siles 994 Bio tro 804 47.0 
30 Dil 1021 48.3 47.2 


*Res, Bul. 36, Mo. Agr’l Exp. Sta. 
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above the normal. The height and weight should be checked occa- 
sionally to see that the heifers are at least maintaining normal growth. 


Age of Breeding 

The mistake is often made of breeding heifers when they are too 
young. This should be avoided for heifers that are bred too early 
seldom make large cows. This is due to the fact that the production 
of milk is such a heavy drain upon the animal that it is impossible for 
her to make normal growth. Generally speaking, the largest cows of 
the breed aye the heaviest and most profitable procucers 

The following schedule will serve as a guide in determining the 
age to breed heifers: 


Holsteins ....19-23 months Guerneys ....17-20 months 
Ayrshires ....18-21 months ? Jerseys .....15-18 months 


COMMON CALF AILMENTS 
Common Scours 

Common scours is one of the most common of calf ailments. 
The most frequent cause of scouring is overfeeding. If the calves 
have not been overfed, then the condition can likely be traced to 
feeding from dirty pails, feeding cold and warm milk alternately, 
feeding sweet and sour milk alternately, or feeding milk too rich in 
fat. 

Prevention of this trouble is easier than its cure. In its treatment, 
however, first, all feed should be reduced. A dose of castor oil (1 to 
3 ounces) should be given in order to move the bowels properly. 
This may be followed by one teaspoonful of a mixture of equal parts 
of Salicylic acid and tannin, twice daily until the symptoms are re- 
lieved. Hand-fed calves should have lime water (one tablespoonful) 
added to each quart of milk fed. Care should be taken in getting 
the calves back on full feed, so that they will not suffer another attack. 


White Scours 


White scours is an infectious disease caused by a germ which 
enters the body most frequently through the digestive tract. Most 
calves which contract this disease will die as there are no medicinal 
cures known at the present time. It is recommended, however, that 
anti-white scour serum be injected into all calves, immediately after 
birth on farms where this disease exists. At the first suspicion of the 
disease a competent veterinarian should be called. Prevention is the 
best means of combating it. All cases should be isolated, the carcass 


of all dead calves should be burned, and the stables thoroughly dis- 
infected. 
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Pneumonia 

Pneumonia is brought on by chilling and is sometimes associated 
with calf scours. It is characterized by lack of appetite, rapid breath- 
ing, constipation, with high temperature, 105 to 106 degrees Fahren- 
heit. An experienced veterinarian should be called. The calf should 
be blanketed, and placed in a clean well ventilated box stall which 
is free from drafts. A mustard plaster may be applied over the lungs 
and a laxative given to keep the bowels open. 


Ring Worm 
This disease is caused by a parasite which forms ring-like spots 
on the skin, usually on the neck, shoulders and rump. The hair comes 
out and scales form. These scales should be removed by washing 
with soap and water using a stiff brush. The spots should then be 
painted with tincture of iodine. 


Lice 

Calves that are badly infected with lice will not make good gains. 
Spraying or brushing infected animals with a 2 percent solution of 
creolin is a fairly effective means of ridding animals of lice. These 
treatments should be repeated at intervals of from four to five days 
until the lice are eradicated. A mixture of one-half of a pint of 
kerosene and one pound of lard can be applied in weather too cold 
to allow washing or spraying. This treatment can be repeated as often 


as necessary. 


FITTING AND SHOWING CALVES AND HEIFERS 


The exhibiting of livestock is an old practice and was probably 
established because of the advertising and educational value derived 
therefrom. At the present time each of the dairy breeds has a pretty 
well defined type set up as a standard. Any dairy aniinal exhibited 
should conform very closely to its breed type, if the exhibit is to have 
any advertising or educational value. 

In the practice of preparing animals for the show ring, the 
methods of feeding and care are somewhat different from those fol- 
lowed in every day herd practice. Each exhibitor wants his animals 


to appear to their best advantage. 


Feeding 
The feeding of show animals is important if the best showing is 
to be made. It is not desirable to have dairy animals excessively fat 
for exhibition purposes. It is, however, desirable for the animal to 
carry a fair amount of flesh as a very thin animal does not present a 
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pleasing appearance. The animal that is reduced in flesh will require 
a longer fitting period than one that is well nourished. This fact should 
be borne in mind when one selects animals for the show ring. There 
are many different rations that have been recommended in fitting 
show animals, but the following is probably one of the simplest and 
has given good results: 


Wheat Bran | 
Ground Oats | Equal parts by 
Corn Meal ( weight 


Linseed Meal | 


This ration should be fed with good legume hay and silage or 
beet pulp. If the animal is thin in flesh, more corn meal should be 
added. The amount of grain to feed will depend upon the size, 
individuality, and condition of the animal. As a general rule, feed 
one-half pound of grain for each 100 pounds live weight. This 
amount should be increased one-fourth of a pound every second day 
as long as the animal cleans up its feed with relish. Towards the end 
of the fitting period, beet pulp should be substituted for silage, as 
silage is difficult to obtain on the show circuit and it is best to have 
the animal on the same feed it will receive during the exhibition 
period. 

Clipping 

If the hair is very long the animal should be clipped all over. 
This should be done three or four weeks before time of showing. 
Even, smooth, clipping is an important operation, for a nice sieek coat 
adds greatly to the attractiveness of the animal. Just before showing 
time, the animal should be clipped lightly around the head, along 
the belly, udder, and tail. After clipping, the coat should be given a 
thorough rub-down with sand paper which will cause the hair to lie 
closely to the body. 

The animal should never be clipped and turned out in the sun 
as this will make the hair rough. For at least a month before exhibi- 
tion, the animal should be kept in the stable out of the hot sun. 


Brushing 
Brushing stimulates the circulation of the blood which aids diges- 
tion and helps to make a glossy coat of hair. A mellow skin is evi- 
dence of good feeding and thorough brushing and denotes good con- 
dition. A common horse brush can be used, although a stiffer brush 


is sometimes to be preferred. The brushes should always be kept 
clean. 
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Washing 


Frequent washing is another means of obtaining and maintaining 
a good condition of skin and hair. In washing, plenty of water and 
soap should be used, always being careful to rinse out all the soap. 
To make the switch clean and fluffy, it should be washed in soap suds 
and rinsed in water to which a little bluing has been added. The 
wet braid should be tied tightly and kept tied over night and then 
combed and fluffed out. An animal on exhibition should be spot- 
lessly clean. 

Blanketing 

The animal should be blanketed after washing in order to keep 
the coat clean and the skin in good condition. Blanketing raises the 
temperature of the body and retards the hair growth somewhat. It 
also helps make the coat smooth. NHence, in order to get the most 
satisfactory results from clipping, the animal should be blanketed. 


The Hoofs and Horns 


In addition to the hair, the hoofs and horns of an animal have 
an important effect upon its appearance. The hoofs should be 
trimmed, properly shaped, and polished. The horns should be 
scraped and polished. This can probably be done best with a rasp, 
sand paper, and emery cloth, and shoe polish or linseed oil applied 
with a flannel cloth as a final touch. 

There seems to be little doubt but that an animal with horns 
shows to a better advantage than one that has been dehorned. Some- 
times the horns do not grow in the proper shape which detracts from 
the appearance of the animal. This defect can be overcome by the 
use of horn trainers which can be purchased from various supply firms. 
It should be remembered, however, that the trainers must be used 


while the horns are growing. 


Showing the Animal 

Any show animal should lead readily and stand in a position that 
will display its good points. The younger the animal the easier it 
can be taught to lead and stand properly. With any age, however, a 
large amount of time is required to train an animal to lead, back, 
stand, and respond to the slight pressures by means of which the 
trainer indicates a change of position. There are many points in 
posing an animal which can be learned only through showing. The 
important thing to remember, however, is that part or all of the effort 
spent in fitting an animal may be for naught, unless it is properly 


trained. 
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If the calf or heifer is to show well in the judging ring, it must be trained to lead 
and stand as the showman desires. 
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More Information for Dairymen 


While raising dairy calves and heifers to pro- 
duction age is one of the big problems confronting 
dairy farmers, the problems of management, feed- 
ing, breeding, housing, and care must also be given 
careful attention if the enterprise is to give maximum 
returns, or even prove to be profitable. 


Some helpful information and suggestions are 
given in the following recent publications of the 
West Virginia Agricultural Experiment Station, 
which may be obtained for the asking: 


Bul. 181, Soybeans vs. Alfalfa Hay for Milk Produc- 


tion. 


Bul. 210, Sunflower Silage vs. Corn Silage for Milk 


Production. 
Cir. 42, Feeding Dairy Cows. 
Cir. 43, Producing Cream on the Farm. 
Cir. 46, Better Farm Butter. 


Cir. 49, Buildings and Equipment for the Dairy Farm. 


If you have special problems that need to be 
solved to make your dairy business more profitable, 
consult your county agricultural agent or get in 


touch with the Extension Dairy Specialist of the 


COLLEGE OF AGRICULTURE 


W. Va. University Morgantown, W. Va. 


CIRCULAR 53 


NOVEMBER, 1928 


FOR THE 


LIVESTOCK FARM 
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The raising of beef cattle is an important farm enterprise in many sections of West 
Virginia. 


Buildings and Equipment for the Livestock Farm 


In the development of the livestock industry, the care and 
housing of animals has come to play an important role. It is only 
necessary to call attention to the part played by proper housing and 
equipment in obtaining the most economical gains from feeds, in 
making possible efficient breeding and care of livestock, in promoting 
the health of animals, in bringing about lowered mortality among 
young animals, and in other similar phases of the industry, to realize 
the truth of this statement. 


West Virginia, because of her topography and abundance of 
bluegrass pasture, has long been a livestock producing state. The 
type and breeding of the beef cattle produced are constantly being 
improved with the result that many excellent herds of purebred cattle 


may now be found in the state. 


Sheep, too, are kept in large numbers in some sections of the 
state. The Northern Panhandle section produces many fine-wool 
sheep. In other sections of the state, coarse-wool breeds are raised in 
large numbers. All of these are being improved through more care- 


ful breeding and management. 


Hog raising in West Virginia, up to the present time, has been 
largely for home consumption. The greater percentage of the hogs 
raised are killed on the farm. Hog raising, however, is an important 
phase of the livestock industry in West Virginia, as is shown by an 
increase of 38,000 head on January |, 1928, over the 1927 figure. 


It is with the hope of partially meeting the needs of those en- 
gaged in the livestock industry in West Virginia for information on 
adequate buildings and equipment that the following plans and dis- 
cussions are presented. 


BUILDINGS AND EQUIPMENT FOR BEEF CATTLE 


Of the farm building problems that have received attention, as 
little has been paid to the construction of beef cattle barns and the 
economics of housing beef cattle as to any building problem on the 
farm. Nevertheless, enough has been done to show conclusively the 
advantages of the proper housing and care of beef animals through 


the winter months. 
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When one stops to realize the narrow margin upon which the 
livestock feeder operates, the proper housing for more efficient utiliza- 
tion of feed and labor assumes economic importance. “There is an 
appeal to the pocket as well as to the sympathy in the lowing of the 
shivering herd.” 


Numerous experiments have proved that adequate shelter re- 
duces feeding costs. Less feed is required to maintain the animal heat 
when the animals are sheltered, and waste is materially reduced. The 
feed not eaten is left dry and palatable. Prevention and control of 
disease are made possible. Proper housing also conserves manure 
and is of importance from the viewpoint of convenience and labor 
saving. Economies in labor mean returns in dollars, and this is espec- 
ially important in the feeding of beef cattle under present conditions. 

There is little question, therefore, that housing facilities and 
equipment for beef cattle do have an important economic significance. 


Classification of Shelters 


Beef cattle shelters may be classified in two general groups, or 
as natural and artificial. Natural shelters include hills and valleys, 
timber, and any other natural windbreak or protection. Artificial 
shelters comprise constructed windbreaks, various types of straw 
shelters, fences, stacks, pole and board shelters, baled straw shelters, 
temporary board shelters, sheds, and barns. 


Barns vary in type, but those in general use may be classified as 
pole, lean-to shelter, gambrel, (stable 30 to 42 feet wide), gothic roof, 
(stable 30 to 42 feet wide), round, monitor, and wide (more than 42 
feet). 


Essentials in Construction 


There are a few essential points which should always be kept in 
mind when planning a beef cattle barn. These are: convenience, 
serviceability, durability and economy, sanitation, and appearance. 


CONVENIENCE 


Convenience is probably the most important of the essentials in 
the construction of a beef cattle barn. In it is embodied an important 
share of the profitableness of the beef cattle enterprise. This feature 
means convenience of location with reference to other buildings and 
to pastures. It also means a well-planned interior arrangement so 
that feeding and cleaning may be accomplished with a minimum ex- 
penditure of time and effort. Through the reduction of labor costs, 
profits may be materially increased. The livestock feeder operates 
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on a narrow margin between the prices of finished and unfinished 
steers and any reduction in the cost of finishing the product for market 
aids in producing a profit on the enterprise. 


SERVICEABILITY 


The feature of serviceability means a barn design that will give 
maximum utility the year around. Since most beef barns are used 
intensively for housing beef cattle only a few months in the year, the 
barn should be designed so as to be adaptable for other uses such as 
the housing of other livestock, or machinery. 


DURABILITY AND ECONOMY 


To obtain a good beef cattle barn with maximum life and a 
minimum initial cost and upkeep, construction details must be carefully 
considered. Cost considered from the standpoint of probable dur- 
ability rather than immediate outlay results in economy in building 
construction. If initial cost only is considered, it will often be found 
that after a lapse of time a cheap structure proves to be relatively 
expensive, due to excessive repair and upkeep costs. 

SANITATION 


While sanitation is not as important in a beef cattle barn as it is 
in a dairy barn, it is important, however, that the barn be well lighted 
and ventilated, and so constructed that it may be easily cleaned. It 
should be located on a well-drained site to insure freedom from ex- 
cessive mud in the barn lot and dampness in the stable. The location 
of the barn is important from two viewpoints. First, it should be 
located convenient to pasture and feed lots, and also conveniently 
near the other buildings in order to effect savings in time and labor 
in doing the farm chores. Second, the site should be well drained. 
If there is not sufficient natural drainage, sub-surface drains should be 
installed before the building is erected. 

APPEARANCE 


In obtaining the foregoing features, the appearance of the barn 
should be kept in mind. The essential features may be as easily 
embodied in a structure of pleasing appearance as in one that is not. 
The advertising value alone of a neat and attractive building is worth 


while. 
A Steer Barn for West Virginia* 


It is rather difficult to establish definite limits in building con- 
struction beyond which the owner may be said to be exercising ex- 


*For a discussion of barn framing see West Virginia Agricultural Experiment Sta- 


tion Circular 49. 
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travagance and adding no appreciable utility to the structure. The 
whole problem must always be solved by sound judgment and com- 


mon sense. 


The Animal Husbandry Department of the College of Agricul- 
ture advocates an open shed type steer barn for West Virginia, with 
ample storage space overhead, on the ground that this type of building 
will give maximum returns at a minimum cost. This recommendation 
is made after considerable experience and experimental work in hous- 
ing steers under West Virginia conditions. 


The points which recommend the open shed barn are: the 
cheapness with which it may be constructed, the low upkeep and 
maintenance cost, the satisfactory results that may be obtained in 
feeding under West Virginia climatic conditions, and its adaptability 
for use in housing other livestock or machinery when not in use for 
beef cattle. 


Storage space for feed should always be provided, as it is the 
feeding operation which requires the greater percentage of time and 
cost. By reducing this cost to a minimum, one may materially increase 
his profits. 


In working out the building plan, several points should be kept 
in mind. The first is to allow ample floor space so that the animals 
may move about or lie down in comfort. Where pens are used, as in 
a herd barn, a floor space of 40 square feet for each mature animal 
is recommended. With the open shed steer pens, this allowance can 
be reduced to 30 square feet per mature animal. This will guarantee 
the animals comfort and ample shelter even in the more severe weath- 
er. Plenty of feed rack space should also be provided since the best 
results can never be obtained by crowding the steers at the feed rack. 
An allowance of at least 30 inches of rack space per animal should be 
made. ‘The height of the stable should be 814 to 9 feet since manure 
is often left to accumulate to a depth of 6 to 12 inches in a barn 
where beef animals are kept. 


The best floor for this type of barn is concrete, well covered with 
litter. This gives a dry floor, one that is easily cleaned, conserves 
manure, and is durable. Concrete also prevents the objectionable 
muddy condition that might otherwise exist at times. For these 
reasons, a concrete floor is desirable, although not absolutely essential. 


Feed racks should be arranged for convenience in feeding and 


provision should be made so that cleaning may be done quickly and 
easily. 
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Figure | shows a plan of an open shed type steer barn designed 
to accommodate 50 head. This plan may be modified to meet in- 
dividual needs by changes in dimensions, arrangement, or construction 
details. 


A Herd Barn for West Virginia 


Where both breeding and feeding of beef cattle are carried on, 
a barn of somewhat different nature from an open shed feeding barn 
is desirable. This building need not, however, be an elaborate struc- 
ture. 

A combination barn, that is, a barn with one side closed, along 
which cow, calf, and hospital pens are arranged, and with open shed 
feeding pens on the other side, works satisfactorily under West Vir- 
ginia climatic conditions. By adopting this plan, an open shed steer 
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Fig. 2.—Floor plan of herd barn combining the enclosed pen and open shed features. 


barn may be readily con- 
verted into a herd barn at 
little expense. If more pen 
~space is required than can 
conveniently and economic- 
ally be arranged along one 
side of the barn, a herd barn 
may be built, inclosed on all 
sides, and a wing of the 
open shed type added for 
feeder cattle. Figure 2 
shows the floor plan of such 


a barn. The essentials of Fig. 3.—Detail showing common method 
convenience, space, light, of hanging windows in the stable. 
ventilation, and sanitation apply in both types of structures. 

A ventilating system is not an essential feature in beef cattle 
barn construction in this state. The open shed barn, of course, is 
amply lighted and ventilated. The herd barn, too, may be ventilated 
sufficiently by opening doors and windows. ‘The windows should be 
hung as shown in Figure 3. In latitudes where the temperature seldom 
falls below zero, this method of ventilation is advisable. Where such 
climatic conditions exist, animals are more apt to suffer from the 


barn’s being too warm than too cold. 
General Purpose Barn 


Often farmers are found who feed only a few steers over the 
winter, and these largely for the purpose of obtaining a market for 
some of their hay and grain, and for the utilization of summer pasture. 
In addition to the return from marketing the animals, they obtain the 
fertilizing value for their land of the manure the steers produce 
throughout the winter. Where only a few steers are kept, it is ad- 
visable to build a general purpose barn rather than to attempt to 
build a separate beef barn, unless the owner contemplates considerable 
expansion of the enterprise in the near future. 

A floor plan of this type of barn is shown in Figure 4. Such an 
arrangement also makes for greater convenience where small numbers 


of animals are kept. 
Essential Equipment 
DEHORNING CHUTE 


A dehorning chute of some kind is an almost indispensable 
piece of equipment on a livestock farm. - After one has tried various 
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Fig. 4.—General purpose barn designed to accommodate a few beef cattle or sheep 
in addition to space for housing cows and horses. 


make-shift methods of holding an animal for dehorning, he readily 
appreciates the advantages of a properly constructed dehorning chute. 


On all farms where the finishing of beef cattle for market is a 
major enterprise, there is always more or less dehorning to be done. 
The advantages of the dehorning chute are that the operation is made 
much easier, it insures a satisfactory job, and there is little danger of 
injury to either the animal or the operator when the steer is thus se- 
curely held. 


The illustration on page 11 shows a satisfactory type of dehorn- 
ing chute. 


CATTLE STOCKS 
Cattle stocks, such as shown in Figure 5, are a valuable part of 
the equipment on a livestock farm. There is always danger of injury 
in throwing an animal for purposes of trimming hoofs, in treating a 
crippled animal, etc., especially a heavy beef animal. With the stocks 
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the animal may be handled much more easily and without danger or 
injury. A heavy canvas sling, attached to the rollers, is passed under 
the barrel of the animal. With such a device the animal may be lifted 
from its feet sufficiently to avoid struggling, and treatment can be 
administered with little difficulty. 


HAY RACK 


A hay rack in the feed lot is sometimes desirable. This may be 
easily and quickly constructed as shown in Figure 6. The sills, placed 
as they are, may be used for skids in moving the rack from place to 
place. Occasionally a rack of this type is built on low wagon trucks. 
This latter arrangement makes it possible to fill the rack and locate it 
with ease. A rack of this type is especially valuable in a dry season 
when pasture has to be supplemented by other feed, or for winter 
feeding in the open. 


A wall rack for use in the feeding pens may be constructed as 
shown in Figure 7. This is a combination hay and grain and silage 
rack. Other satisfactory types of wall racks may be constructed. The 
one shown is easily constructed, convenient, easily cleaned, and re- 
duces feed waste. These advantages recommend it as a highly de- 
sirable type of rack. The doorway “‘A”’ may be fastened open and 
the grain fed with ease. 
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A dehorning chute is a valuable piece of equipment where beef cattle form a major 


farm enterprise. 
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greatly simplify the handling of beef cattle for various types of 
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Fig. 6.—Hay rack for field or feed-lot use. 
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Fig. 7.—Detail of wall rack for use in open shed barns. 


DIPPING VAT 


The dipping vat shown in Figure 8 is of satisfactory dimensions 
for beef cattle, if they are not put through the dip too fast. The fact 
that this vat may be used for cattle, horses, sheep, or hogs makes it 
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Fig. 9.—Details of dipping vat shown in Figure 8. 


valuable equipment on any livestock farm, no matter what the com- 
bination of livestock enterprises is. The dipping vat should be located 
conveniently near and, if possible, below the water supply in order 
that it may be filled by gravity. 
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SHIPPING CRATE 


Shipping crates for livestock have come into general use since 
purebred animals have taken such an important place in the livestock 
industry. Whenever a single animal is to be transported, the crate is 
commonly used. 


Good crates for shipping purposes are as easily constructed as 
poor ones. It is necessary only to remember and observe a few im- 
portant points in construction. The crate should be built to fit the 
animal to be shipped. Bottom boards which are run crosswise give 
greater strength than boards run lengthwise. Also, top and end slats 
run crosswise add strength to sheep and hog crates. Due to stanchion 
construction in cattle crates, verticle slats must be used. 


The need for a shipping crate for cattle centers largely around 
calves, since many are sold individually and are sometimes shipped 
long distances. 


Figure 10 shows a type of shipping crate for calves that is strong 
and serviceable. This same crate may also be used for sheep and 
hogs. It should be built to fit the animal to be shipped. 


DIMENSION TO FLT 
ANIMAL TO BE SHIPPED 


SIDE VIEW ENO WEW 


Fig. 10.—A shipping crate for calves, sheep, or hogs. 


17 


LOADING CHUTE 
FOR LIVESTOCK 


END W/EW 


36 
‘ 


Fig. 11.—Plan for construction of a loading chute for livestock. 
LOADING CHUTE 


Since so much of the transporting of livestock is now done by 


truck, there is a real need for a loading chute. 


Figure | 1 shows a loading chute with posts set in the ground. If 
desired, the posts might be set on runners, thus making it possible to 
move the chute to any favorable location. Ora pair of wheels could 
be attached slightly to one side of the center of the chute, so that by 
lifting the heavier end of the chute (the end resting on the ground) 
the whole rack might be moved on the wheels with little difficulty. 
When in use, one end of this rack would rest on the truck or wagon, 
with the other end on the ground, and supported by the wheels in the 
center. 

FARM GATE 
On any livestock farm the matter of fencing and good gates is 


an important consideration. The percentage of strong, sound, non- 
sagging gates to be seen as one travels through a farming community 


+ Fill in block tor hinge 


Fig. 12.—Plan showing easy method of constructing a satisfactory farm gate. 


is surprisingly low. A little time spent in properly constructing a gate 
and in properly setting the gate posts would save many farmers great 
deal of time, remove the cause for outbursts of temper, and give a 


more pleasing appearance to the farm. 


Figure 12 shows how a good farm gate may be constructed. If 
the gate post is properly braced and set, the gate will not sag. 
‘iS 


Concrete watering troughs may be cheaply and easily constructed, and are a valuable 
asset to the farm. 
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WATERING TROUGH 


For best results with beef cattle, water should be readily avail- 
able at all times, preferably near the feed racks. For this reason it is 
often advisable to locate a watering trough near the feeding shed. 


A concrete trough is probably preferable and it should be set on 
the concrete pavement of the court outside the sheds. This avoids 
a mud hole around the trough and makes the water easily accessible. 


Figure 13 shows the method of constructing a concrete watering 
trough. A rich mixture, well spaded in the forms, is necessary if the 
trough is to be watertight. A 1-2-3 mixture (one part of cement, to 
two parts of sand, and three parts of gravel) is satisfactory for work 
of this type. The concrete should be put in the forms in one con- 
tinuous operation to prevent cracks and leaks. 


For reinforcing on small tanks, wire mesh is satisfactory. For 
larger tanks both verticle and horizontal reinforcing should be used. 


Wire Mesh. 
Reinforcing 


Method of Pouring & Reinforcing 
Smea/l Tanks. 
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Fig. 13.—Details of method of constructing forms and pouring a concrete trough. 
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BUILDINGS AND EQUIPMENT FOR SHEEP 


For several years West Virginia farmers have been receiving 
favorable prices for lambs and wool, in spite of the severe depression 
in general farm prices. This has been due to several factors, among 
which are the nearness to the Pittsburgh, Baltimore, and Jersey City 
markets, the improved quality of the lambs and wool marketed, and 
an increasing demand on these markets for West Virginia high-quality 
lambs. 


As a consequence, the sheep industry in West Virginia has been 
and still is growing, as is indicated by an increase of 65,000 head, on 
January 1, 1928, over the 1927 figure for the state. For the reasons 
mentioned, and the fact that West Virginia has an abundance of blue- 
grass pasture and favorable climatic conditions, the sheep industry 
will undoubtedly continue to rank as an important agricultural enter- 
prise in the state for some time to come. 

Farmers are realizing, however, that to produce the quality of 
lambs and wool demanded by the markets, and to maintain the health 
and vigor of the flock, a definite amount of care and protection is 
necessary. Although little in the way of expensive equipment is 
needed for successful sheep raising, a certain amount of equipment 
for definite purposes is essential. 

“Poor equipment and management, though easily remedied, are 
responsible for discouragement and loss in sheep raising. Little or no 
shelter is provided the flock in winter with very little or no feed other 
than pasture, and as a result the owner shears a light, weak-fibered 
fleece, and has emaciated ewes that are too thin to properly suckle 
their lambs. Without a pen of some kind it is very difficult to catch 
sheep, and as a rule in case a suitable pen is not provided, docking 
and castrating of lambs are not performed, ewes are not kept tagged, 
and treatment for parasites is not attempted.’’* 


The Sheep Shed 
ESSENTIALS OF CONSTRUCTION 

The sheep shed or barn need not be an elaborate structure under 
any conditions. If it combines the essential features of adequate pro- 
tection from the cold rains of early fall, winter snows, and other un- 
favorable climatic conditions, and is dry, light, well ventilated, and 
has sufficient space to prevent crowding, the type of building is of 
minor importance. 


*West Virginia Agricultural Experiment Station Circular 48. 
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An open front sheep shed satisfactory for shelter and feeding. 


Sheep do not require a building that it particularly tight. A 
single wall construction is sufficient to meet all their requirements. 
Shade and protection from intense heat are, however, of particular 
importance during hot summer weather. If at other times the flock 
is adequately protected from drafts, and is in a dry place, that is all 
the shelter that is necessary with the exception of some special pro- 
tection at lambing time. 


The sheep shed should always be well ventilated. In fact, occa- 
sions are few when sheep have to be shut in. In West Virginia, the 
ventilation openings such as doors and windows may be left open 
practically all of the time. No automatic system of ventilation is 
needed. 


Sheep should never be crowded into cramped quarters. In plan- 
ning the sheep shelter, a minimum of ten to twelve square feet of 
floor space should be allowed per head. This prevents crowding, © 


possible injury, and helps to maintain the health and vigor of the 
flock. 


FOUNDATION AND FLOOR 


It is not necessary that a solid concrete wall foundation be built 
for a sheep shed. The shed may be supported very satisfactorily and 
much more cheaply on concrete piers, with provision for anchoring the 
Posts as shown in Figure | 4. Vertical siding with stripping may be 
nailed to stringers run between the posts as shown in Figure 15. The 
shed may be made sufficiently tight at the bottom. by banking with 
plenty of loose straw litter. 
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The floor should not be of concrete as this is an unnecessary 
expense. A good clay floor becomes tightly packed after the shed 
has been in use for a time, and will remain dry, if it is slightly above 
the grade level outside and the site is properly drained. A clay floor, 
kept well bedded, is the best floor for sheep. The litter soon becomes 
tightly packed down, and all that is necessary in cleaning is to take 
out everything to the dirt and add a liberal supply of new bedding. 


LOCATION 


The sheep shed should be located on a well-drained site. If the 
natural drainage is poor, sub-surface drains should be installed before 
construction is begun. For good drainage, a loose sandy soil is to be 
preferred. A location ona slope with a southern exposure is desirable 
where possible. 

The location of the building should be chosen with the view to 
obtaining the greatest convenience in caring for the flock. It should 
be adjacent to or conveniently near pasture or forage areas, and as 
near the other buildings as is feasible, in order to obtain a farmstead 
layout that makes for the greatest economy of time and labor. 


Fig. 14.—Detail of supporting and anchoring posts in sheep shed construction. 
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Fig. 15.—Method of placing siding on sheep shed. 


PLANS FOR SHEEP SHEDS 


Keeping in mind the essential and desirable features of sheep 
shed design, attention is called to the plans of sheep sheds shown in 
Figures 16 and 17. These sheds were designed using the same floor 
plan, the main difference being in the provision for storage in the two- 
story barn. The buildings as shown will accommodate 60 sheep, and 
the arrangement of feed racks indicated provides ample rack space, 
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allowing one and one-half feet per ani- 
mal. The dimensions of the building may 
be varied according to the capacity de- 
sired. 


It will be noted that slatted doors 
are used. This is to allow for plenty of 
air circulation. Tight doors are unneces- 
sary, and are undesirable on most sheds, 
under West Virginia conditions. The 
sliding doors prevent blowing and flap- 
ping by the wind, and they are easier to 
control single-handed than the large 
swing doors. The danger of sagging is 
also eliminated. 
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SLATTED DOOR 


Fig. 16.—Plan of sheep shed without storage. 
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Slatted oes 


Fig. 17.—Same plan as in Figure 16 with storage space added. 


The windows are placed in the shed to provide added light and 
ventilation. They are hinged at the bottom and should be left open 
practically all of the time. This method of placing the windows makeg 
it possible to obtain the desired ventilation without causing direct 
drafts. Figure 3 on page 9 shows the window detail. 


Figure 4 on page 10 shows how provision for sheep shelter might 
be included in the construction of a small general barn. 


Panels of this type are convenient for erecting temporary lambing pens. 


a 


Desirable Equipment* 
TEMPORARY SHEEP PEN 
The panels for setting up a temporary sheep enclosure, as shown 
in Figure 18, are a valuable part of the sheep owner's equipment. 
With these panels a treating chute or pen may be quickly and easily 
set up. Since sheep probably suffer more from parasites than any 
other class of livestock, it is essential that they be treated regularly. 
Where provision for such treatment is lacking it is often neglected, 
resulting in losses in the flock, lowered vitality, weak-fibered fleeces, 
and lower market prices. 


Advantages of the type of enclosure shown are the ease with 
which the panels may be constructed, the adaptability of the panels for 
various uses, the speed and ease with which they may be transported 
and set up, and the fact that the pen or chute may be set up wherever 
most convenient. 

LAMBING PEN PANELS 

Panels such as shown in the illustration on page 26 prove to be 
the cheapest and handiest method of constructing temporary lambing 
pens. These panels are 30 inches high and can be set up quickly and 
with little effort. When not in use they may be stored away, taking 
little storage space. 

FEED RACKS FOR ROUGHAGE 


Feed racks should be so constructed that hay, chaff, and dirt can- 
not fall into the sheep’s wool. The rack in Figure 19 has been found 
very satisfactory in feeding roughage to sheep, and is easily con- 
structed. The keeping of dirt and chaff out of the wool prevents 
irritation, and is important, too, when one realizes that burry and 
seedy wool brings from five to ten cents per pound less on the 
market. Good feed racks also save labor and conserve feed. 


The racks may be built in units as shown or may be modified into 
a continuous wall rack. In building a 12-foot unit of the rack shown 
in the figure the following materials will be needed: 


10 pieces 1”x6”x12’ 
I piece 2”x6x”x12’ 
40 pieces 1”x3”x2’-” 
2 pieces 1”x6”x30” 
2 pieces 1”x8”x30” 
2 pieces 1\”x3”x30” 
10 pieces 1”x6”x36” 


*For details of construction of dipping vat see Figure 8, page 14. Directions and 


formulae for dipping sheep may be found in West Virginia Agricultural Experiment Station 
Circular 48, a copy of which is available upon request. 
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Sheep forage racks save labor, conserve feed, and protect the wool from dirt and 


GRAIN TROUGHS 


A grain trough such as is illustrated in Figure 20 is of value in 
sheep feeding. The trough may be moved from place to place, is 
easily constructed, and the reversible feature greatly facilitates clean- 
ing. The trough is especially valuable where sheep are to be fed out 
of doors. Such a trough may be permanently located, if preferred, 
by placing a post in the ground as a support at either end of the trough. 


LAMB CREEPS 


In raising lambs it is often desirable to feed them some grain. 
In order to do this, some device for admitting the lambs and excluding 
the old sheep is necessary. The lamb creep serves this purpose, and 
it may be of a variety of designs. One that has proved satisfactory is 
shown in Figure 21. The openings allow for the ready passage of 
lambs back and forth but prevent the larger sheep from following. 


THE SHIPPING CRATE 


The general principles of construction of shipping crates de- 
scribed on page 6 apply to the case of the sheep crate. 


In the sheep crate it is important that enough head room be 
allowed the animal, that it may stand naturally and comfortably, 
rather than have its neck in a cramped position. The illustration on 
page 32 shows a satisfactory shipping crate construction. A strip of 
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CROSS SECTION OF TROUGH 


A REVERSIBLE GRAIN TROUGH 


Fig. 20.—Grain trough for use in feeding sheep. 


LAMB CREEP 


Fig. 21.—One method of constructing a lamb creep. 
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A satisfactory type of sheep shipping crate. Note the provision for feed. 


burlap over the top of the crate is of aid in preventing travellers and 
handlers from poking and annoying the animals in transit. 


SALT BLOCK 


One of the parasites which causes trouble among sheep is grub 
in the head. This is brought about by the depositing of the larvae of 
a fly on the nose of the sheep. These larvae travel up the nostrils 
and set up a serious irritation in the membranes of the head cavities. 
The result of this infestation is weakness, loss of flesh, and sometimes 


death. 


One means for controlling this parasite is by the use of a salt 
block or lick log. This is merely a log or timber with several two-inch 
holes bored in it. Salt is placed in the holes and the back edges of the 
holes are smeared with tar. The sheep, in getting the salt, get the tar 
on their noses, which serves as a repellant for the flies. Placing the 
log so the sheep can get at it from only one side prevents them from 
getting tar smeared on the lower jaw. Small pieces of felt may be 


tacked in the back sides of the holes to hold the tar. 
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WOOL-TYING BOX 


The wool-tying box shown in Figure 22 is a handy piece of 
equipment in preparing wool for the market. The advantages offered 
for its use are the ease and uniformity with which the fleeces may be 
tied, and their more attractive appearance from the market viewpoint 
when tied in this way. 

The box is simple, easily constructed, and the cost negligible as 
compared with its value in preparing a neatly well-tied fleece for the 
market. 


Fig. 22.—Detailed directions for making wool-tying box. 
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BUILDINGS AND EQUIPMENT FOR HOGS 


The production of pork for home use will probably always be 
an item in the farm business. In spite of the fact that the greatest 
amount of pork for commercial purposes is produced in more or less 


defined areas, farmers in West Virginia are taking a much keener > 


interest in this phase of farming than formerly, as indicated by an 
estimated hog population of 240,000 for the state, January 1, 1928. 
Housing conditions, feeding methods, breeding practices, and the 
quality of animals kept, have all been improved. This has undoubted- 
ly been greatly stimulated by Four-H club projects, the ton litter 


movement, market demands, and other factors. There is still much 


work to ke done, however, particularly in the matter of housing. This | 


was clearly shown by the results of a preliminary survey of farm sani- 
tary conditions made on 215 farms in West Virginia during the sum- 


mer of 1923. Notes were taken on all of the farm buildings, and of | 


these, the hog houses ranked lowest in every respect, including clean- | 


liness, construction, design, and appearance. 

The idea that the hog is by nature a filthy animal, and that it will 
thrive under very adverse sanitary housing and feeding conditions 
must be dispelled. McLean County, Illinois, in cooperation with the 
United State Bureau of Animal Industry, has developed a plan of 
sanitary swine management which has been tried by hundreds of 
farmers in the West and South. The results have convinced these 
farmers that swine management on a sanitary basis is both successful 
and profitable. 

Proper housing conditions are of primary importance in obtaining 
desired sanitary conditions. The value of housing and equipment in 
obtaining healthy animals, efficient utilization of feeds, in preventing 
the spread of parasites and disease, and in lowering mortality in young 
pigs can hardly be over-estimated. With many farmers, the difficulty 
seems to be a question as to what type of house to build, how to build 
it, and what equipment is practical and valuable. The following plans 
and discussions should aid in solving this problem. 


The Hog House 


There are two general types of hog houses—the individual or 
colony house, and the larger community or central house. Each pos- 
sesses several advantages, but for the farmer who keeps only a few 
hogs, as is the case on most farms in West Virginia, the colony unit is 
more practical and economical. A method whereby a combination 
may be made to result in what is practically a community plant is 


described later. 
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The West Virginia type farrowing house. Note the guard rails inside. 


ESSENTIALS IN HOG HOUSE CONSTRUCTION 


There are a few essentials to be considered in planning a hog 
house. These are: proper sanitation; warmth in winter; coolness in 
summer; proper ventilation; adequate light, especially direct sunlight; 
dryness; economy in construction; durability; and neat apparance. 

Proper sanitation includes such features as plenty of sunlight, 
proper ventilation, warmth, and dryness. A well-drained floor and 
site are important in maintaining sanitary conditions. 

Hogs are more or less sensitive to extremes of heat and cold, 
and, consequently, need a warm house in winter and a cool one in 
summer. Pigs must always be warm and dry. In fact, all classes of 


hogs must be housed comfortable if the best results are to be ob- 
tained. 
LOCATION 


The location of the colony house may be changed from time to 
time since the house is easily moved. The West Virginia type house 
should face the south, however, to get the maximum amount of direct 
sunlight. 

The community house should always be located on a well- 
drained site and in such a way as to get the maximum amount of sun- 
light in the house during the day. This latter point is governed some- 


what by the type of roof and the arrangement of windows and sky- 
lights. 
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ADVANTAGES OF THE COLONY HOUSE 


The advantages of the colony house may be enumerated as 
follows: 


1.—Different rations are fed pregnant sows and fattening hogs. 
Colony houses make it possible to separate them effectively. 


2.—Brood sows demand plenty of exercise. Fattening hogs 
make more economical gains if somewhat restricted. 


3.—Sows may be free from disturbance when farrowing. 
4.—tThe spread of disease is more easily controlled. 


5.—The location of the house may be changed at any time when 
the surroundings become unsanitary. 


6.—Each litter is reared by itself and is free from disturbance. 
7.—For the farmer with only a few hogs, this type of house is 
by far the more economical. 
ADVANTAGES OF THE COMMUNITY HOUSE 


1.—There is an economy of time and labor in caring for the 
hogs housed in this way. This makes for greater convenience, also. 

2.—This type of house is warmer, due to the type of construc- 
tion. 

3.—The central hog house is of more permanent construction 
and more pleasing appearance. 
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A type of colony hog house commonly in use. 


Fig. 23.—The West Virginia type farrowing house. 


4.—A central hog house with concrete or masonry walls and 
floors is more easily kept clean. 

5.—-Two litters per year can be raised without heavy losses. 

6.—This type of house saves fencing. 

7.—Artificial heat may be used in this type of building when 
deemed advisable. 


THE WEST VIRGINIA FARROWING HOUSE 


For general utility, either for farrowing purposes, or for housing 
small numbers of fattening hogs, the house shown in Figure 23 has 


Fig. 24.—Framing construction of the West Virginia type house. 
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been found very satisfactory. Numbers of these houses are now in 
use throughout the state, and since on most West Virginia farms only 


a few hogs are kept, the houses are well adapted to existing condi- 
tions. 


The generally accepted dimensions for a hog pen are 6 by 8, or 
8 by 8 feet. It will be noted that the West Virginia house is 8 by 8 
feet, providing ample room. The large hinged door at the front may 
be raised any desired distance, thus providing ventilation and light. 
The windows on either end of the building also function in allowing 
light and air to enter as desired. 


The framing and construction is very simple, as can be seen from 
Figure 24. For skids, hewed poles of ample size are probably most 
satisfactory. The house may be readily entered, is easily kept clean, 
is warm under West Virginia climatic conditions, and if properly con- 
structed and cared for, is dry. The cost is not prohibitive, the build- 
ing is neat in appearance, and if properly maintained, will last in- 
definitely. 


Another type of colony house is shown in the illustration on page 
37. This is a gable roof house with much the same details as found in 
the West Virginia type. In some colony houses of this type, windows 
are placed in the roof, thus allowing direct sunlight to flood the pen 
when the window covers are raised. 


When the pen is to be used for farrowing purposes, it should 
always be equipped with guard rails or fenders. This is to prevent the 
little pigs from being crushed. These rails may be made of wood or 
pipe. A 2 by 4 inch piece makes a good fender. These guard rails 
should be 6 to 8 inches above the floor and should extend 6 to 8 
inches into the pen. A good support for the rail may be made from 
a piece of 2 by 8 or 2 by 10 inch material notched to receive the rail as 
shown in Figure 25. These supports may be scattered at intervals 
along the length of the rail. Such rails must be substantially supported 
and securely fastened down or the hog will soon root them out of 
place. 

The following is a bill of materials necessary for the construction 
of a West Virginia type farrowing house: 


BILL OF MATERIALS 


3 pieces 4”x4”x9’ for runners. (It is recommended that Chest- 
nut or Locust poles be cut and roughly blocked out and 
used for runners.) 


128 ft. of 2” flooring—8 feet long (1!2” flooring may be used) 


DE SFU 


Fig. 25.—Detail of cone method of supporting guard rails. 


3 pieces 2”x4”x6’ for front studding 
3 pieces 2”x4”x4’ for rear studding 
2 pieces 2”x4”x8’ for top plates 
3 pieces 2”x4”10’ for rafters 
4 pieces 2”x2”x8’ for floor plates (To nail the siding to) 
96 ft. of 1” siding 6 feet long for the two ends 
32 ft. of 1” siding 4 feet long for back of house 
24 ft. of 1” siding 314 feet long for front of house 
16 ft. of 1” lumber 8 feet long for drop door 
90 feet of 1” lumber for sheathing roof 
| piece 2”x4”x8’ for cross piece to hitch to 
4 pieces 2”x4”x8’ for life-saving pig fenders 
| pair 8-inch T-hinges for drop door 
| pair 8-inch strap hinges for door 
Nails—No. 20’d. for putting down floor and nailing studding, 
and 8’d and 10’d for siding and sheathing 
| square three-ply roofing 
2 window sash with four glass, each 8”x10” 


The Feeding Floor 


Where hogs are kept in numbers sufficient to have them rank as 
an important farm enterprise, a concrete feeding floor often saves 
time and money. Grain, when fed in quantities to numbers of hogs, 
may often have a considerable part wasted, and the feeding floor 
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helps to eliminate this. A wooden feeding floor is unsanitary and is 
a good refuge for rats. It also rots quickly, thereby making it more 
costly in the long run than concrete. 


The feeding floor should have a roughened surface to give good 
footing and it should also have a slight slope in order to insure proper 
drainage. It should be constructed in the way a concrete sidewalk is 
laid, pouring alternate blocks at a time, as shown in Figure 26. These 
blocks should not be more than 10 by 10 feet, preferably 6 by 6 to 
8 by 8 feet. A small feeding floor, however, such as 10 by 16 feet 
or 12 by 18 feet may be made of one slab of concrete. 


A feeding floor should be washed frequently and it may be 
thoroughly disinfected by spraying with gasoline, and burning. 


A Central Hog Plant 


For the average West Virginia farm, a community or centralized 
hog house is too expensive for the number of hogs kept. With a 
group of farrowing houses and a feeding floor of proper size, a cen- 
tral plant may be effected for convenience in handling the hogs during 
the winter. This is done by lining the farrowing houses along the 
edge of the feeding floor and setting up temporary fences on the 
floor. Such an arrangement is shown in Figure 27. Where houses 


A central hog house for a large number of hogs. 


Interior of the central house shown on page 42. 


are placed on two sides of the feeding floor, an alleyway may be left 
in the center for convenience. 

On a few farms in West Virginia there are enough hogs raised 
to make a community hog house an economical! investment. Since 
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Fig. 27.—Plan showing how colony houses might be arranged about the feeding floor 
for winter feeding and care. 
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each such house is an individual problem with varying requirements, 
a single plan cannot be presented that will meet all conditions. There 
are a few points to be kept in mind, however. 


The hog house should be located farther from the dwelling 
house than the other farm buildings in order to prevent objectionable 
odors. In choosing the location, convenience to corn cribs, other 
buildings, and pastures should also be kept in mind. The slope and 
drainage of the site, and the location with regard to obtaining the 
maximum amount of sunlight are additional considerations. 


In general, the best arrangement is a double row of pens with 
feet alley in the center. The average pen is 6 by 8 to 8 by 8 feet, 
thus making the width of the building 20 or more feet, depending 
upon the width of the alley. The alley is seldom made more than 
4 to 6 feet in width. The length of the building is determined by the 
capacity desired. 


Windows and skylights should be located so as to give an even 
and adequate distribution of sunlight throughout the pens. Regular 
metal partitions and gates are the more desirable type since they are 
durable and sanitary. The illustrations on page 42 and 43 show a 
central hog plant. Those desiring additional help and information 
in planning this type of building may obtain it by addressing a request 
to the College of Agriculture, Morgantown, West Virginia. 


A simple but satisfactory forage rack for hogs. 
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Useful Equipment* 


HAY OR FORAGE RACK 


In the winter feeding of hogs it is desirable that they be fed 
amounts of high-quality legume hay. In order to accomplish this 
with the least expenditure of time and effort, and to prevent waste 
and soiling of the hay, a forage rack such as is shown in the illustration 
on page 44 is recommended. This rack is easily constructed. The 
trough will catch the leaves of the forage as they fall, thus conserving 


all of the feed. 
SELF-FEEDERS 


Many experiments have been conducted relative to hand versus 
self-feeder methods for hogs. The conclusions reached are indicated 
by the growing use of self-feeders in hog production. 


Several types of self-feeders have been designed, the general 
principle of operation and construction being, however, essentially the 
same. A very satisfactory type of construction for a self-feeder is 
shown in Figure 28. This feeder, which was developed by the Purdue 
Experiment Station, possesses several advantages. Its straight sides 
and right angles make it easy to construct. The cover over the trough 
keeps feed in a sanitary condition and helps to prevent waste by keep- 
ing out chickens, birds, etc. The feed trough cover may be counter- 
balanced by using a weight and pulley. This is not necessary, how- 
ever, as the hogs soon learn to use the feeder. Partitions may be 
placed in the feeder if desired, thus making it possible to feed differ- 
ent materials separately, such as grain and tankage. 


The self-feeder should be visited every day to see that it is 
working properly; it requires cleaning at times in muddy weather; 
and it is advisable to locate the feeder near the water supply. The 
self-feeder method is valuable for fattening hogs, and experiments 
have shown that the hogs make much more economical gains when 
feed is before them at all times. The self-feeder, however, should 
never be regarded as a substitute for watchful supervision by the 


owner. 


PIG NEST 
The value and necessity of guard rails or fenders in the farrow- 
ing house has been discussed. In addition, however, a pig nest such 
as is shown in Figure 29 is of real value. This enables the young pigs 


*For details of dipping vat construction see Figure 8, page 14. Directions and 
formulae for dipping hogs may be obtained by writing to West Virginia Agricultural 


Experiment Station, Morgantown. 
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to group together for warmth and at the same time eliminates danger 
of their being crushed by the sow. The nest is most easily constructed 
in the corner of the building as shown. The supports may be made 
by 2 by 8 or 2 by 10 inch pieces with cross pieces of one-inch material. 


HOG WALLOW 


Many farmers still believe that the unsightly and very insanitary 
mud hole is either essential or inevitable. Neither of these views is 
correct. The best wallow is a running stream in the pasture. If this 
is not available a concrete wallow may be constructed at little cost 
and in such a way as to be readily cleaned. A wallow of this type 
is shown in Figure 30. A sanitary hog wallow is an aid in controlling 
parasites. 


Fig. 28.—One type of self feeder which is simple in construction. 
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Fig. 29.—Detail of pig nest construction in corner of pen or house. 
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Fig. 30.—Method of constructing a concrete hog wallow. 
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HOG SHADE 


Hogs are very readily affected by extremes of heat and cold. 
During the hot summer months some type of shade is essential. Where 
the natural shade of trees is not available, some type of artificial shade 
should be furnished. A type of shade, such as has been tried on the 
government experimental farm at Beltsville, Maryland, is cheap and 
effective. This consists of posts set 2 to 3 feet in the ground and 
projecting above ground about 4 feet. These posts support a frame- 
work sufficiently strong to support about two feet of loose straw 
thrown over the top. With a shade of this type, free circulation of 
air is not hampered. Boards may be substituted for the straw as 
shown in the illustration on the bottom of this page. 


HOG WATERER 


Where there is no spring or stream to supply water for the hogs, 
some type of automatic waterer adds much to the success of hog pro- 
duction and is much more sanitary than watering in an open trough. 

A barrel waterer such as is shown in Figure 31 is satisfactory. 
The barrel is filled through the large hole in the top, at which time the 
outlet hole in the bottom must be plugged. The outlet hole should 
be at least an inch below the top edge of the trough. The trough is 
4 inches deep and built so as to fit snugly about the bottom of the 


A crude but effective hog shade. 
straw or wild hay to a depth of about one and a half to two feet for a cover. 


Instead of boards poles might be used to support 


Fig. 31.—A barrel waterer for hogs. 


barrel. The runners make it possible to move the waterer from place 
to place. 
HOG OILER 


Many commercial types of hog oilers are on the market. One of 
the cheapest oilers, however, and one which works satisfactorily, is 
a type which may be quickly constructed at home. This consists of 
a post set in the ground about which several thicknesses of burlap are 
tied. The burlap is then saturated with oil. 


The only objection to this oiler is that it requires occasional at- 
tention in keeping the oil replenished. 
Probably the most satisfactory method is to spray occasionally 


with an ordinary hand spray. The objection to this is that it takes 
‘nore time, and the average individual is prone to neglect doing it. 
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Pie BSTeIAS 


Fig. 32.—A satisfactory type of hog trough. Note the divisions. 


FEED TROUGH 


No extended discussion is needed on the feed trough. There are 
all kinds and descriptions of these in use. As in other phases of hog 
raising, the idea is prevalent that any kind of a trough will do. 


As a matter of fact, the best trough is one that will keep the 
hogs out of it. The ordinary trough in a short time becomes very 
insanitary unless cleaned regularly. A type of trough used and rec- 
ommended by the United States Department of Agriculture is shown 
in Figure 32. Food can be put in this trough without interference, the 
trough can be cleaned with a hoe, it cannot be overturned easily, and 
the hogs cannot get their feet in the trough when eating. 


Butchering Equipment 


Little in the way of elaborate equipment is necessary in handling 
hogs for butchering. It is surprising, however, how many farmers will 


expend time and much strenuous labor unnecessarily in the butchering 
operations. 


Hogs are either shot, stunned, or stuck with a knife in killing. 
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Since the hog has to be bled anyway, the best method of killing, from 
the standpoint of the quality of the meat, is by sticking. The easiest 
way to do this is to stick the hog while suspended head downward. 


For simplicity, convenience, and low cost, the block and tackle is 
undoubtedly the first piece of butchering equipment to be recom- 
mended. With this attached to a suitable support, the hog may be 
raised from the ground to be stuck, may be lowered into the water 
to be scalded, and as easily removed therefrom; and may be sus- 
pended for the removing of viscera and final preparation of the car- 
cass for the cutting block. An added advantage of this piece of 
equipment is that it can be used to lighten innumerable other jobs on 


the farm. (See Figure 33.) 


SCALDING VAT 


Many farmers still use a 


barrel for scalding purposes. 
This method requires added la- 
bor and it is more difficult to 
obtain as satisfactory results as 
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when a large tank is used. With 
a barrel, only half of the hog 
can be scalded at a time, and 


YERENY 


great difficulty is experienced in 
keeping the water at the de- 
sired temperature (150 de- 
grees) because the large hog in 
a small amount of water soon 
lowers the temperature. 


One of the best vats for 
average use is probably a gal- 
vanized iron watering trough. 
This is large enough to permit 
the scalding to be done pro- 
perly. A fire may be built un- 
der the tank and the desired 
water temperature thus main- 
tained. There is also enough 
Water to tHld the hop at one gp Zf SUA Mets a re 
operation. ment. 
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THE SMOKE HOUSE 


The smoke house may be of different designs, according to dif- 
fering tastes and financial considerations. If built of wood, it should 
be far enough removed from the other buildings to avoid any fire 
hazard. A building such as is shown in Figure 34 works very well 
and is not unduly expensive. The concrete fire box and the concrete 
wall carried well above the floor line remove the serious possibility of 
fire. The fire box on the outside is more convenient. A concrete or 
wooden vat for the pickling may be placed in the smoke house. For 
the pickling cure, a barrel makes a good container for the brine. 


Ventilator 
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Fig. 34.—General plan for a smoke house. 
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ESTIMATING FOR BUILDINGS 


Excavation 
Multiply the length of the excavation bv the width and depth in 
feet and divide by 27. This will give the dirt to be removed in terms 
of cubic yards. 


Concrete 


For foundations and floors, the amounts of materials needed 
may be determined from Table [. 


TABLE I.—Quantities of Materials Needed in Concrete Construction* 


Materials | Quantities from Quantities for 1 Cubic Yard 
Required | One-sack Batches | of Mixed Material 
Mixtures oe 3 38 © o 2 3 5 - 3 33 
ea Mee ees, hc | "seen | ee ona 
|3e | 24 jaa) Bo eae es: mo | Ba 
ao | 58 (635) 5% 63 | ad Oe. |Los 
1:14 | 1a Nmlietz> IDE 2a 
fis I Dea) 75 \| Ate) 20 
(es: | 3a Ss ls PFs oe ORO 28.8 aes 
1:14:3 fat [ee 3 byae) TG 11.4 JoJaers} 
12233 | elt) 3 3)5 9 7.0 14.0 IN| 
1:2:4 | 20) 4 4.5 6.0 12.0 24.0 
1:24:4 1 apn 5) 4 4.8 Sols 14.0 22.4 
1:2$:5 Pel Pee) 5, 5.4 50 7403) 75) () 
ife3)98; ett Ea) 5 Digs 4.6 13.8 23.0 
1:3 :6 | Boll) 6 6.4 4.2 127510 D4) eed 


*Portland Cement Association. 


Example: How much cement, sand, and pebbles will be required 


to build a feeding floor 30 by 24 feet and 5 inches thick? 


Multiplying the area (30 by 24) by the thickness in feet (5 of 
a foot) gives 300 cubic feet, and dividing this by 27 gives {1% cubic 
yards as the required volume of concrete. A one-course floor should 
be of 1:2:3 mixture. The table shows that each cubic yard of this 
mixture requiies 7 sacks of cement, 14 cubic feet of sand, and 21 cubic 
feet of gravel or stone. Multiplying these quantities by the number 
of cubic yards required (11%) gives the quantities of material re- 
quired (eliminating fractions) as 78 sacks of cement, 156 cubic feet 
of sand, and 233 cubic feet of pebbles or stone. As there are 4 sacks 
of cement in a barrel, and 27 cubic feet of sand or pebbles in a cubic 
yard, it will require a little less than 20 barrels of cement, 6 cubic 
yards of sand, and 9 cubic yards of pebbles or stone. 
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Sills, Joists, Studding, and Rafters 


In figuring the quantity of materials needed for sills, determine 
the linear measurements of the sills and from this size determine the 
number of board feet needed. Do the same for all floor joists, stud- 
ding, and plates. In figuring the studding, no deduction need be 
made for any wall openings. The total length of the rafters and the 
number may be determined and figured as the other materials men- 
tioned. 

To determine the number of board feet in a piece of timber, 
multiply the width of the piece in inches by the thickness in inches by 
the length in feet and divide by 12. - For example, a piece 2 inches 
thick, 12 inches wide, and 12 feet long contains 24 board feet, cal- 
culated as follows: 


Width (12”) xX Thickness (2”) XX Length (12’) 
(2 


24 


Lumber commonly carried in stock comes in even lengths rang- 
ing between ten and twenty feet. Short lengths have a reduced sale 
value. Lumber for casings and trim is sold by the board foot also, 
except moldings which are sold by the linear foot. 


Flooring, Ceiling, Siding, Sheathing 


In estimating the quantity of flooring needed, determine the 
number of square feet in the floor, including openings as though they 
were not present, and for three-inch wide flooring add one-half for 
waste and matching. For wider flooring add from one-fourth to one- 
fifth instead of one-half. Ceiling for the stable is estimated in the 
same way as flooring. 

To determine the amount of siding needed, calculate the total 
wall surface in square feet and add one-half, if siding is laid four 
inches to the weather. If laid 41% inches or more, add from one-third 
to one-fourth. 


For common sheathing laid horizontally, figure the areas to be 
covered as though no opening existed, and add one-tenth to the area 
to allow for waste. If the sheathing is laid diagonally, add one-sixth 
to the total area. 


For tight sheathing laid horizontally, add one-fifth for 6-inch 
boards, one-seventh for 8-inch boards, and one-ninth for 10-inch 
boards.. If laid diagonally, add one-fourth for 6-inch boards, one- 
sixth for 8-inch boards, and one-eighth for 10-inch boards. 
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Windows and Doors 


Windows are ordered by specifying the kind, as single sash or 
double sash, and by giving the number and size of the glass in each 
sash. 

Doors are ordered in much the same way, by giving the size, 
thickness, and number of panels desired. The common thickness for 
doors is 134 inches and they may be obtained in either A or B quality. 


Roofing 


When shingles are laid four inches to the weather, 1,000 shingles 
will cover 100 square feet. Roll roofing contains enough material in 
each roll to cover 100 square feet. In the case of asphalt shingles, 
laid four inches to the weather, four bunches will cover 100 square 
feet. 
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Are You Interested in Dairying? 


If so, write to the Director of the Agricultural 
Experiment Station, West Virginia University, for a 
copy of Circular 49 which gives information on “Build- 
ings and Equipment for the Dairy Farm.” 


ple of the state in any way possible. 


Is there some farm problem that you need help with ? 
Agriculture, West Virginia University, stands ready to serve the farm peo- 


Helps for Farm Folks 


The College of 


If you have special problems, consult your county agricultural or home 
demonstration agent, or write to the College for suggestions and aid, or 
perhaps one of the following recent publications may contain the informa- 


tion you need: 


Pertaining to Livestock 
Bul. 186, Effect of Winter Rations on 


Pasture Gains of Beef Calves and Year- * 


lings. 
Bul. 190, Feeding Experiments With 
Grade Beef Cows. 


Bul. 191, Effect of Winter Rations on 
Pasture Gains of Two-Year-Old Steers. 


Bul. 213, Comparative Tests of Cer- 
tain Feeds in Rations for Pigs. (Ready 
November 1, 1928.) 


Bul. 218, Effect of Winter Rations on 
Gains of Calves Marketed as Three- 
Year-Old Steers. (Ready November |, 
1928.) 

Cir. 40, A brief extract of bulletin 191 
(8 pages). 


Cir. 48, The Care and Management of 
Sheep. 


Information for Dairymen 
Bul. 181, Soybean vs. Alfalfa Hay for 
Milk Production. 


Bul. 210, Sunflower Silage vs. 
Silage for Milk Production. 


Cir. 42, Feeding Dairy Cows. 

Cir. 43, Producing Cream on the Farm. 

Cir. 46, Better Farm Butter. 

Cir. 49, Buildings and Equipment for 
the Dairy Farm. 

Cir. 52, Raising Dairy Cows and Heif- 
ers. (Ready December 1, 1928.) 


Corn 


_Of Interest to Poultrymen 


Bul. 178, Effect of Confinement and 
Green Feed on Number and Hatchability 
of Eggs. 

Bul. 179, Influence of Rations Fed te 
Growing Chicks on the Characteristics of 
the Adult Females. 


About General Crops 


Bul. 192, Varietal Experiments with 
Wheat, Oats, Barley, Rye, and Buck- 
wheat. 


Bul. 196, Varietal Experiments with 
Soybeans. 


Bul. 199, Varietal Experiments and 
First Generation Crosses in Corn. 


Bul. 200, Cultural Experiments with 
Wheat, Oats, and Buckwheat. 
Bul. 204, Cultural Experiments with 


Sunflowers and Their Relative Value as 
a Silage Crop. 
Bul. 1255 


Farms. 


Lime for West Virginia 
Bul. 216, Varietal Experiments with 
Tobacco. (Ready November 1, 1928.) 


Cir. 47, Pasture Improvement. 
Cir. 50, Crop Rotations for West Vir- 
ginia. (Ready December 1, 1928.) 


Cir. 51, The Selection of Seed Corn. 
(Ready December 1, 1928.) 


Suggestions for Orchardists 


Bul. 174, The Fertilization of Apple 
Orchards, I. 

Bul. 203, The Fertilization of Apple 
Orchards, II. 

Bul. 209, Dusting vs. Spraying in the 
Apple Orchard. 

Bul. 214, Effect of Height of Head on 
Young Apple Tree Growth and Yield, 
(Ready November 1, 1928.) 


Cir. 37, Fertilizing Peach Trees. 


General Farm Problems 


Bul. 187, Organization and Manage- 
ment of Typical West Virginia Farms. 

Bul. 188, Adjusting Agricultural Pro- 
duction and Distribution in South Cen- 
tral West Virginia to Meet Home Market 
Demands. 

Bul. 212, Adjusting Agricultural Pro- 
duction and Distribution in the Clarks- 
burg Area to Meet Home Market De- 
mands. 

Cir. 38, A brief abstract of bulletin | 
187 (4 pages). 

Cir. 39, The Mexican Bean Beetle. 

Cir. 41, The Nature of Plant Diseases. 


Cir. 44, Water Systems for 
Homes. 
Cir. 45, Roadside Marketing for West 


Virginia Farmers. 


Farm 


A complete list of publications available for distribution will be issued 


about January |, 1929. 


Write for it. 


Address your request to 


College of Agriculture 


W. Va. University 


Morgantown, W. Va. 
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